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INTRODUCTION

This report describes work performed by Bushnell, Pearsall and

Trozzo, Inc., under subcontract with the Institute for Defense Analyses

on Task A-i of IDA Contract No. EMW-C-0749 with the Federal Emergency

Management Agency. Task A-I calls for the development of "a model

to simulate population movement during an evacuation from the risk

area to the various host areas over a transportation network."

This report describes, documents and provides a user's guide to a

system of computer routines which perform the various computations re-

quired to apply a crisis relocation model developed jointly by IDA and

BPT, Inc. The computer routines together comprise an interactive system

resident on the FEMA Univac 1108 facility. The model and its attached

national data base can be used to analyze in detail the evacuation of

risk areas anywhere in the continental United States under a wide range

of dif o ent assumptions regarding the assignment of reception areas and

the performance of the transportation system during the evacuation.

Section I of the report is a detailed description of the IDA/BPT

crisi3 relocation model. The four basic elements of the model are: 1)

a transportation network data base which can be accessed up to 10 states

at a time to construct regional highway networks at the county level, 2)

a crisis relocation planning submodel to compute (or accept as input) an

assignment of evacuees to reception areas, 3) a route selection and load-

ing algorithm which generates routes and computes traffic to approximate

the loadings which ould result if evacuees were free to chose their

v
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own routes, and 4) an evacuation simulator, which determines the location

of evacuees on the network as a crisis relocation proceeds. Section 2

is a user's guide to the programs and Section 3 is an annotated sample

run illustrating program usage, input and output. Supporting material

is contained in five appendices.
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1.0 Description of the Model

The IDA/BPT crisis relocation model consists of four major components

each with its own distinct function and its own set of computer routines.

These components are:

1. A transportation network in the form of a national data
base describing the U.S. highway system and providing
information at the county level on population, area, and
risk. The computer routines allow users to assemble,
store and retrieve regional networks comprising up to 10

states.

2. A crisis relocation planning submodel enabling users to
directly input an evacuation plan or to compute a plan
as the solution to a transportation problem constructed
at the user's direction.

3. A route selection and loading algorithm which generates
routes and assigns traffic to the routes in a way which
approximates the loadings which would actually result if
evacuees were free to choose their own routes and received
accurate traffic information during a crisis relocation.

4. An evacuation simulator designed to show the location of
evacuees and the traffic distribution on the highwiay net-
work at various elapsed times from the start of an
evacuation.
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1.1 The Transportation Network

The BPT/IDA model incorporates a national data base describing the

U.S. highway system and providing other information at the county level.

The data base was originally assembled by IDA in 1981 under a FEMA

contract. Further information on county areas, 1980 population and

vulnerability to attack was added by BPT under the subcontract.

In its present form the data base consists of three files holding

the following:

Node File - Information for a set of approximately 3700 locations
coinciding with population centroids and interchanges on the
highway system. At least one node is located within each county
in the continental U.S.

Link File - Information for a set of approximately 8700 two-
way segments of highway joining nodes within the continental

MpFile - A short file indicating the location of thie infor-

mation for each state within the Node and Link files.

Annotated partial dumps of the Node File and the Link File are provided

in Approdix 4.5. A complete listing of the Map File is also given in

the appendix.

The Node File contains the following items for each location in the

data base:

" the location's 5-digit state/county FIPS code. The first
2 digits of the code designate the state; the last 3
digits designate the county within the state.

" a single-digit sequence number for the location within the
county. A sequence number zero (0) indicates the popu-
lation centroid for the county. Every county in the
continental U.S. has a single population centroid and may
have additional nodes at important highway intersection
points.
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northing and easting; the number of miles north and east
from a reference point set beyond the southwest boundary
of each state.

a flag indicating whether or not the location is a major

urban center (1 = urban, 0 = nonurban).

a place name; the name of the closest city, town or village.

0 county name.

* latitude and longitude in degrees. Additionally, for
nodes that are county population centroids,BPT has added
the following items:

- population of the county according to the 1980 Census.

- area of the county in square miles.

- a 2-digit code corresponding to FEMA's classification
of the county for crisis relocation planning purposes.
The first digit classifies counties according to risk
in a countervalue attack as follows:

0 - county not at risk
1 - (A) county evacuation plan exists
2 - (B) major metropolitan center; high risk
3 - (C) intermediate-sized city; moderate risk
4 - (D) small city or military installation; lower risk

The second digit is a flag designating counties which
have significant counterforce targets within their
boundaries.

The Link File contains the following items for each two-way segment

of the transportation network:

the 5-digit FIPS code and sequence number for each end
of the segment.

* the northing and easting of the two ends of the segment.

a 2-digit code indicating the characteristics of the
highway segment. The first digit designates the highway
as I - Interstate, 2 - a U.S. Route, or 3 - a State Road.
The second digit classifies the highway segment as
follows:



4

1 - a 6-lane Interstate
2 - a 4-lane Interstate
3 - a 4-lane limited access highway
4 - a 4-lane unlimited access highway
5 - a 2-lane primary road
6 - a 2-lane secondary road
7 - a 2-lane poor quality road

* the Interstate, U.S. Route or State Road number.

For purposes of analyzing transportation problems during a crisis

relocation, it is rarely necessary to perform the computations in a way

which treats the continental United States as a single integrated unit.

The movementsof, say, Kichigan's urban residents along thi itate's

highways have little practical impact upon similar movemer. in New York

or California. Consequently, an evacuation of Michigan's cities

can be effectively studied within the context of a regional network en-

compassing Michigan and, possibly, several neighboring states. The IDA/

BPT model is designed to economize on computer storage and processor

time by utilizing only those parts of the national transportation data

base which are relevant for a particular application.

The model operates on regional networks of up to 10 states which are

assembled state by state from the information contained in the national

data base. The states that are included in a single region need not be

contiguous although one would normally expect them to be so.

In order to facilitate later computations, a certain amount of pre-

processing is performed on the node and link information culled from the

national data base as a regional network is assembled. Nodes are re-

numbered sequentially and link endpoints are aqjated to the renumbered

nodes. Each bi-directional highway segment of the data base is also

recast as a pair of uni-directional links. These links are then sorted

by origin so that the data for all of the links with a common origin



(or destination, since the network is symmetric) can be retrieved

sequentially.

Finally, the distance, speed and capacity of each link is computed

using the information from the data base and parameter values supplied

by the model user:

Distance - Link distances are computed as the straight line
distance between the end points of each link using the
northings and eastings from the Link File.

Speed - Speeds are assigned by road categories as follows for
normal (nonevacuation) movements along the network.

Class 1-3, Interstates and other 4-lane limited access
roads - 55 mph.

Class 4, Primary unlimited access 4-lane - 45 mph.

Class 5, Primary unlimited access 2 lane - 40 mph.

Class 6-7, Secondary and poor quality roads - 30 mph.

Speeds for crisis relocation (evacuation) movements are sup-
plied by users for the same road categories.

Capacity - For normal movements the network is regarded as un-
capacitated; for crisis relocation the user supplies parameter
values for the vehicles per lane per hour using the same road
categories as speed. These values are multiplied by the num-
ber of lanes to obtain the capacity in each direction.

The number of lanes available in each direction is partly a function

of traffic control during an evacuation. Users of the IDA/BPT model may

choose among three options for controlling traffic during an evacuation.

Normal Traffic Control - Two-way traffic on all highway seg-
ments. The number of lanes in each direction is one-half the
number of lanes given in the datx base.

One-Way Outbound Traffic Control - One-way traffic on all con-
gested highway segments. All lanes of these segments arf
assigned to the outbound link. Inbound links for these high-
way segments are assigned zero capacity.

Variable Lanes Traffic Control - All lanes are available to
traffic in both directions. In effect, the model combines
the traffic and available capacity in both directions along
a highway segment.
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Since the assembly of a regional network from the Node, Link and

Map files is a somewhat tedious job, the computer program which imple-

ments the model provides for the storage and retrieval in preprocessed

form of up to 10 regional networks.
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1.2 The Crisis Relocation Planning Submodel

Within the IDA/BPT evacuation model, a crisis relocation plan is

functionally defined as a set evacuation/reception county pairs and the

numbers of evacuees to be relocated from the evacuation counties to the

reception counties. Users of the model have the option of specifying

the evacuation plan directly or supplying other information from which

a linear program is constructed and solved to obtain an evacuation plan.

This section describes the computation of an evacuation plan which con-

forms to criteria specified by the model user.

The linear program which is solved to obtain an evacuation plan is

known, technically, as a transportation problem. Formally, the problem

has the following mathematical statement: Let i = 1, M designate origin

counties, j = 1, N designate destination counties, and X ijdenote the

number of evacuees to be relocated from origin i to destination j. Let

Si = 1, M be the numbers of evacuees to be relocated from the evacua-

tion counties, let Dj, j = 1, N be the capacities in numbers of evacuees

that can be accommodated in the reception counties and let t ijbe the time

it takes to travel over the transportation network from evacuation county

i to reception county j. Then, the linear program which is solved to

obtain an evacuation plan is:

Find: Xi > 0Ofor all iand j

To Minimize: t x

Sujet o: i j ij ij
Sujc to X : S i for all i

x X < D for all j
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An efficient algorithm for solving transportation problems has been

incorporated into the computer routines which implement the IDA/BPT

transportation model. This algorithm is applied to solve transportation

problems which are constructed employing information supplied by users.

The nonzero components of the solution to the transportation problem con-

stitute an evacuation plan.

The elements of the transportation problem which are specified

directly or indirectly by users of the IDA/BPT model are the evacuation

counties and the number of evacuees, Si, i = 1, M, and, the reception

counties and the reception capacities, Dj, j = 1, N. The times, t j, are

computed as the normal travel times over the regional highway network

from the population centroids of the evacuation counties to the popula-

tion centroids of the reception counties. The times are determined for

normal speeds over the shortest route. The rationale for inserting

normal travel times into the transportation problem is, first, that the

generally slower speeds of travel during an evacuation have little effect

on the choice of the shortest routes and, second, a great deal of traffic

at normal speeds can be expected following the relocation between an

evacuation county and its reception counties. This traffic is necessary

to support the relocated population and, possibly, to maintain production

and services within the evacuated county.

A list of evacuation counties together with the number of evacuees

from each county can be specified directly by the user. Alternatively,

evacuation counties in a region can be selected according to risk cate-

gories given in FEMA's Crisis Relocation Conglomerate Listing. These

categories are:
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A - counties for which crisis relocation plans already exist;
usually because a major military installation is located
within the county.

B - the most densely populated counties; counties containing major
metropolitan areas which could be targeted in the event of
an attack.

C - heavily populated counties; usually the counties contain
a major city with a population of several hundred thousand.

D - less densely populated counties; counties containing
either a concentration of population and industry or a
military installation which could make the county a
target in the event of an attack.

The IDA/BPT model allows users to specify evacuation counties as 1) all

A counties, 2) all B counties, 3) all B and C counties, 4) all A, B, C

and D counties. In addition, FEMA's Crisis Relocation Conglomerate

Listing designates those counties which would be threatened in the event

of a counterforce attack. These counterforce targets can be added to

the list of evacuation counties by users of the model.

The number of evacuees from each evacuation county selected in this

way is computed using a set of rules as follows:

1. If counterforce targets are included in the list of
evacuated counties, then all counties with counterforce
targets are completely evacuated. The number of
evacuees is set equal to the county's 1980 population.

2. All other counties are evacuated down to the point where
the remaining population meets both of the following
criteria:

a. The population following evacuation does not exceed
a percentage of the county's residents specified by
the user, e.g., 10 percent.

b. The population density does not exceed a number of
people per square mile specified by the user, e.g.,
200 people per square mile.

The designation of reception counties is similar to the designation

of evacuation counties. Again, users have the option of directly

I
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specifying these counties and their capacities to hold evacuees.

Alternatively, the following rules can be applied to establish a list

of reception counties:

1. No evacuation county is simultaneously allowed to serve
as a reception county.

2. No county is permitted to be a reception county if its
resident population density is less than a specified
minimum value such as 10 people/square mile. The pur-
pose of thf minimum density is to exclude as reception
counties areas such as mountains and deserts which cannot
support significant numbers of evacuees.

3. No county is permitted to be a reception county if its
resident population exceeds a specified maximum value
such as 500 people/square mile. The maximum density
limit enables the model user to exclude counties which
are already heavily populated bx.- have not been designated
as evacuation counties.

All counties within a region which are not excluded by 1-3 above

are included as potential reception counties. The number of evacuees

each potential reception county can hold is computed according to the

following criteria:

1. The population of a reception county following an evacuation
cannot exceed a user-specified multiple of the county's
original population. For example, a multiple of three
would limit the capacity of ieception counties to no more
than two evacuees for each resident. By limiting recep-
tion capacity in this way users can prevent the model from
assigning more evacuees to a reception county than the
local infrastructure can support.

2. The population density following the evacuation does not
exceed a number of people ,r square mile stipulated by
the user, i.e., 500 people/square mile. This maximum
limit lets users prevent the creation of potential counter-
value targets in reception counties.

The model also allows users to establish a gec3raphic band of pre-

ferred reception counties around each evacuation county. The inner and

outer limits of these bands are stipulated by the model user in the form

of a minimum and a maximum normal travel time. For example, limits of



one-half hour and two hours would have the effect of establishing a band

of preferred reception counties within commuting distance of most popu-

lation centers.

The travel time limits are used to modify the coefficients, t j, of

the transportation problem. If the normal travel time between an evacua-

tion county and a reception county falls outside the limits, then 1,000

hours is arbitrarily added to the normal shortest route time between the

two counties. The effect of this change is to make the model select

evacuation plans in which the reception capacity within the preferred

counties is entirely used up before any evacuees are assigned to reception

counties outside the travel time limits. In the example given, the solu-

tion to the transportation problem would strongly favor assignments of

evacuees to reception counties between one-half hour and two hours normal

travel time from their homes.
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1.3 The Route Selection and Loading Algorithm

The heart of the IDA/BPT crisis relocation model is an efficient

algorithm for finding routes along the regional transportation network

and then determining the traffic the routes would carry during an actual

evacuation. The end product of the route selection and loading algorithm

is a list of routes, no-less-than one for each evacuation/reception

county pair in the crisis relocation plan, with an assignment of traffic

to the routes such that for any given evacuation/reception pair:

1. all evacuees from the evacuation county to the reception
county are assigned to one of the routes connecting the
population centroids of the two counties.

2. all routes assigned traffic are equivalent in terms of
average total transit time. Total transit time consists
of actual travel time from origin to destination plus

the length of the average delay imposed by the most con-
gested link along the route.

3. all other possible routes have longer average total

transit times than those which are assigned traffic by
the model. (NOTE: See comments on setting the delay
time termination limit.)

In brief, the algorithm contained in the IDA/BPT model selects routes and

loads them in a way which approximates the loading which would result

if evacuees were aware of the travel and delay times occurring on the

network and were free to choose their own route,.

Normally, the U.S. highwav svster. is unin weit-d t x, exe t or certain

links at well-known hours, i.e., the* ,.or iz ' nt , , it r h

hour and U.S. Route 5O between ,aninzt r ir. O'e

noons during the summer. Hnev- I . - --,. ..

would place such extraor ii ay. , ,,
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congestion of major outbound highways would become the rule rather than

the exception. This fact has two important implications for evacuation

studies and plans. First, the technical characteristics associated with

highway usage such as average speed and lane capacity can be expected to

degrade and should be somewhat influenced by traffic control during an

evacuation. Second, roundabout routes which would ordinarily be of

little interest become important as alternatives to the heavily congested

shortest routes.

The IDA/BPT model allows users to stipulate the major performance

parameters of the highway system during an evacuation. These performance

parameters are:

1. Vehicles/lane/hour for four highway categories: Class
1-3: Interstates and other 4-lane limited access roads,
Class 4: Primary unlimited access 4-lane highways,
Class 5: Primary unlimited access 2-lane highways,
Class 6-7: All other roads.

2. Average speeds of movement in miles/hour for the same
four highway categories.

3. Traffic control; three options are available: normal
two-way traffic, one-way outbound traffic on congested
links and, variable lanes control in which the traffic
and capacity in both directions along a segment is pooled.

4. Average number of passengers per vehicle. The number of
passengers per vehicle is used to convert evacuees to
vehicles along routes. Normally, the number of occu-
pants per vehicle is low, between one and two. However,
enforced car pooling, intensive busing and the fact that
families would typically evacuate as a unit should raise
the average during an evacuation.

5. Normal evacuation time in hours. It would take time to
effect an evacuation even if the highway system imposed
no additional delays. Evacuees must be informed that an
evacuation is underway, they must assemble with their
families, do a necessarily minimal mount of preparation
and then begin the evacuation by travelling on local
roads to the major arteries of the highway system. The
tim it would take for the last evacuees to reach the
highway system and begin moving outbound is the nominal
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evacuation time. Half the nominal evacuation time is
the average delay encountered by evacuees just reaching
the regional transportation network.

Formally, a route is defined as a sequence of links v.aich begins at

the population centroid of an evacuation county and ends at the centroid

of a reception county. The total transit time for a route is composed~

of two parts as follows:

1. Average travel time: the total time required to travel
the route computed as the sum of the times required to
cross each link at the speed established for the links by
the model user.

2. Average delay time: one-half the lessor of the nominal
evacuation time or the length of the delay imposed by the
most congested link on the route. The delay imposed by
a link is computed from the formula:

Average delay=- number of evacuees traversing the link/passengers Per vehicle
in hours vehicles per lane per hour x number of available lanes

The number of evacuees traversing a link is the sum of
all evacuees assigned to routes which include the link
(in both directions for variable lanes).

The route selection and loading algorithm is an iterative process

in which route generation and network loading are alternated until no new

rouites can be found to improve the solution.

Step I - Initialization; all links on the regional transpor-
tation network are unblcked and may be included in routes.
The list of routes is empty.

Step 2 - Route generation; the shortest route following an un-
blocked sequence of links is generated for each origin!
destination pair of county centroids in the relocation plan.
The method used to generate the best route from an evacuation
county to a reception county is described below. A route is
added to the route list if it does not duplicate a route
already on the list and its transit time is shorter than the
transit times of the routes already on the list for the same
origin/destination pair.

Step 3 - Route loading; if no new routes are added to the
route list in Step 2, the algorithm terminates. Otherwise,
loadings for the new list of routes are computed using an
iterative method for assigning traffic to a given set of
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routes. The iterative method is described below. It con-
verges fairly rapidly on a route loading which equalizes
total travel times for all routes connecting the same
origin/destination pairs. (If Step 3 is being executed
for the first time, then the route loading is computed
simply by assigning the evacuees for each origin/desti-
nation pair to the single route on the route list for
that pair.)

Step 4 - Link blocking; the network is scanned for the
unblocked link with the longest average delay time implied
by the route loadings of Step 3. This link and all other
links with comparable delay times are blocked. In practice
all links with delay times of 90 percent or more of the
longest average delay time are blocked. Blocking a link
removes the link from the network only for the purpose of
generating routes in Step 2. Blocking links has the effect
of forcing the route generator to find link sequences which
avoid those parts of the network which will cause delays
during an evacuation.

Step 5 - Link list editing; if the longest average delay
time found in Step 4 is less than a user-specified delay
time termination limit, the algorithm terminates. Other-
wise, the link list is edited by deleting unloaded or highly
loaded routes with transit times which significantly exceed
the transit times on loaded routes between the same origin/
destination pair. The algorithm then returns to Step 2.

Routes are generated in Step 2 by applying an efficiently programmed

version of the well-known Ford-Fulkerson method for finding the shortest

route between two, points along an uncapacitated network. The algorithm

is more-than-adequately described in many operations research textbooks,

for example, Principles of Operations Research by Harvey M. Wagner.

(2nd edition, 1975, Prentice-Hall, Englewood Cliffs, N.J.)

Basically, there are two phases to the computations. First, the shortest

time to the destination node is determined for every point on the network.

These times are then used in the second phase of the algorithm which is

to determine the actual shortest route from any given origin to the

destination.

The efficient programming of the algorithm is made possible by the

presorting of the network links described earlier. This device for

speeding computations was developed by BPT in a previous project for the
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Department of Transportation of the State of Michigan. The presorted

network simplifies the computations in both phases of the Ford-Fulkerson

method by allowing the link list to be processed sequentially in segments.

In applying the Ford-Fulkerson method to generate routes in Step 2,

the usual computational roles of the origin and destination are reversed.

Times are computed from every point on the network to each evacuation

county and routes are generated as though evacuees were moving from

reception counties to evacuation counties. Since the network is symmetric,

routes generated in this way are identical when the link sequence is

inverted to those which would be generated if origins and destinations

were not reversed. However, the reversal of the origins and destinations

speeds computations since the first phase of the Ford-Fulkerson method

is performed once for each evacuation county rather than once for each

reception county. Ordinarily, there are far few evacuation counties

than reception counties.

Route loading is performed in Step 3 of the algorithm by employing

a simple iterative process. The process begins with the route loading

from the previous execution of Step 3. Transit times for each route on

the route list are computed using this initial loading. The route with

the shortest transit time for each origin/destination pair is determined

and a provisional network loading is constructed by assigning all of the

evacuees for each origin/destination pair to the route with the shortest

transit time. A new network loading is now obtained by forming a

weighted average of the original network loading and the provisional

network loading.

The process is now repeated with the new network loading replacing

the network loading used to initiate Step 3. A new provisional loading
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is constructed, a new weighted average is formed, and the new network

loading is used to initiate another cycle of the process.

The process is continued for a fixed number of iterations. The

weights which are used to form the weighted average are a function of

the number of iterations. Let N be the number of iterations, then the

weight applied to the provisional loading at iteration N is given by

W = 2/(N + 19) and the weight for the original loading is 1-W. One

hundred iterations are performed for each execution of Step 3. At the

termination of the route selection and loading algorithm an additional

four hundred iterations are performed to refine the final network loading.

The overall route selection and loading algorithm terminates if

either one of two conditions exist. These are:

1. In Step 1, if the route generator fails to find any new
routes to add to the existing route list. After several.
iterations through Step 4 the regional highway network
tends to get reduced and disconnected. At some point so
many links may be blocked that there exist no new routes
meeting the criteria for inclusion on the route list in
Step 1.

2. In Step 4, if the delay times on all of the remaining
unblocked links in the network are less than the delay
time termination limit. If the delay time termination
limit is set less than or equal to half the nominal de-
lay time then the algorithm will not stop until there
are no more routes with longer average total transit
times than those which are assigned traffic by the model.
If the delay time termination limit is set higher than
half the nominal delay time then the algorithm will
terminate earlier with fewer routes. However, since
the algorithm generates the best routes first there is
frequently little to be gained by carrying computations
to the point where every possible route has been examined.
Usually, a good computational strategy is to set the
delay time termination limit above half the nominal
delay time but at a level which is still small in compari-
son to the delays likely to be encountered by evacuees
on the most congested links of the network.
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1.4 The Evacuation Simulator

The IDA/BPT model enables users to perform a computer simulation of

an evacuation conducted according to a previously generated set of routes

and route loadings. The simulation provides a picture of the progress

of the crisis relocation at intervals of 2, 4, 6, 8, 12, 16, 20, 24, 32,

40, 48, 60, 72, and 84 hours after the start of the evacuation.

The simulation is performed route by route by determining the loca-

tion of evacuees at each of the elapsed times given above. Evacuees are

assumed to embark on each route in a steady stream commencing at time zero

and lasting for twice the length of the average delay time for the route.

The number of evacuees embarking per hour is the total number of evacuees

assigned to the route by the route loading algorithm divided by twice the

average delay time. The rate at which vehicles are fed onto the route is

obtained by dividing the number of evacuees per hour by the average number

of passengers per vehicle. In effect the delay which attaches to the use

of a route is imposed on evacuees at the start of the route and not at

the location of the most congested link which would actually be responsible

for the delay.

The stream of evacuees using a particular route is of a fixed length

in time and volume in vehicles per hour. As this stream proceeds out

over the route towards its destination in a reception county the links

along the route are successively entered, covered and exited by the stream

of vehicles. The situation for a typical time in mid-evacuation is shown

below. The arrow represents the stream of vehicles using the route. Its
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origin link 1 link 2 link 3 link 4 destination

0 9 -)6 0 0

twice average delay

progress along the route is governed by the speeds of movement on the

sequence of links that form the route. When the stream completely covers

a link, such as line 2, the volume of the stream is added to the traffic

using the link. Where a link is only partly covered, such as links 1 and

3, a proportion of the volume equal to the fraction of the link which is

covered by the stream, is added to traffic on the link. A record is also

kept of the numbers of evacuees not yet departed from the evacuation

county and already arrived at the reception county.

The status of the crisis relocation at each interval of time is

summarized for model users in a series of tables which display:

" The status of all evacuees as at risk (unevacuated), en
route or at distination.

" The distribution of departures by evacuation counties.

" The distribution of arrivals by reception counties.

" The distribution of traffic on the regional highway
ne two rk.



2.0 User's Guide to the Computer Program

The IDA/BPT crisis relocation model has been programmed in FORTRAN

and made available, together with the data files comprising i.s data

base, on FEMA's Univac 1108 computer.

All of the model's source data and source programs are available as

public files on the Univac 1108. Procedure files which may be added to

the run stream to compile, assemble and execute the source programs are

listed in the appendix.

The computer program is designed for interactive usage from a suit-

able computer terminal signed on to the Univac 1108 in the demand process-

ing mode. A suitable terminal should have a BAUD rate of 300 or greater

and be capable of printing single lines of 132 characters. After signon,

users should set the line length to 132 characters with an @@TTY or @@DCT

command. FEMA users may run the IDA/BPT computer program by adding three

prepared files of commands to the run stream with the commands:

@@ADD BPT * EXECUTE. COMPILE
@@ADD BPT * EXECUTE. ASSEMBLE
@@ADD BPT * EXECUTE. RUN

The commands must be executed in the order given. The first command

compiles the ASCII FORTRAN source code. The relocatable object code is

stored ii, a temporary file named OBJECT. The second command assembles

the relocatable object code in an element named OBJECT. MAIN. The third

command links the source data files to the channels 8, 9 and 10; links

channel 7 to a temporary file named "ROUTES" and links channels 11

through 20 to temporary files named FILEil, FILEl2, etc. which can be

20
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conveniently referenced by their channel numbers. The program is then

run.

We have attempted to make the operation of the model as self-evident

and forgiving to a terminal user as possible. Thus, users are always

prompted with an appropriate question or request at all points where the

program requires user-supplied information. In addition, a sufficient

amount of terminal output is supplied to enable users to verify input

values and to confirm the completion of major computational segments.
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2.1 Master Control Sequence

Subject to several sequencing rules, the order in which the major

component' of the IDA/BPT model are exercised is under the control of

the user. The computer program always begins by reproducing the follow-

ing listing of control options at the terminal:

0 - Repeat List of Control Options
I - Input/Compute Crisis Relocation Plan
2 - Run Route Finding/Loading Algorithm
3 - Simulate the Evacuation
4 - Assemble Network from Source Files
5 - Read Stored Network
6 - Save Network
7 - Reassign Input Channel for Parameter Values
8 - Reassign Output Channel for Summary Tables
9 - Reassign Output Channel for Route Listing

99 - Terminate Program

After execution of major program segments, the program always returns to

the master control sequence with the following printed request:

INPUT CONTROL OPTION NUMBER

The user's response at the terminal determines the next major program

operation subject to the following sequencing restrictions:

1. Options 1 and 6 cannot be selected until after either
Option 4 or 5 has been executed.

2. Option 2 cannot be selected until after Option 1 has been
executed and a crisis relocation plan input or computed.

3. Option 3 cannot be selected until after option 2 has
been executed and a route loading has been computed.

Since exercising control options often causes the loss or destruction

of internally stored computational results, the program requires the

verification of control option numbers with the request:
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CONTROL OPTION n TYPE "OK" TO EXECUTE

The response "OK" leads directly to execution of the option; any other

response recycle the master control sequence.
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2.2 Input/Output Channel Options

The program receives parameter values, prints summary tables

following most major computational segments and prints detailed list-

ings of routes on completion of the route finding/loading algorithm.

Initially, parameter values are input via the terminal (channel 5),

summary tables are printed at the terminal (channel 6) and route list-

ings are sent to a temporary file named "ROUTES" which is attached to

the channel 7 and can be referenced by users as "7."

These assignments can be altered by selecting Options 7, 8 or 9.

Following selection of each of these options, a request for a channel

number is printed at the terminal:

INPUT NEW CHANNEL NUMBER (5 or 6 = TERMINAL)

Assignments of new channel numbers must obey the following rules:

1. Parameter values may be input through channel 5 and
channels 11 to 20.

2. Summary tables and route listings may be output through
channel 6 and channels 11 to 20. The route listings
may also be output through channel 7.

3. Different channels must be used for parameter values,
summary tables and route listings.

If a channel other than 6 (the terminal) is designated for the sum-

mary tables, copies of the very short tables which are printed at the

terminal are also output through the summary table channel. Summary

tables which are output through channels other than 6 are also numbered.

The numbering system follows the numbering of the control options. Fol-

lowing is a complete list of the tables produced by the program:
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Table 1.0 Crisis Relocation Input Parameter Summary

Table 1.1 Evacuation/Reception County Lists

Table 1.2 Evacuation/Reception County Pairs

Table 2.0 Network Finding/Loading Parameter Summary

Table 2.1 Algorithm Iteration Record

Table 2.2 Route Characteristics and Loadings

Table 2.3 Route Listings

Table 3.0 Simulation Summary

Table 3.1 Evacuation Departure Summary

Table 3.2 Reception Arrival Summary

Table 3.3 Network Link Characteristics and Loadings

Table 4.0 Regional Network Assembly

Table 4.1 Population Centroid List



2.3 Network Assembly, Storage and Retrie~val

Control Options 4, 5 and 6 provide users with the a-hilitv to

assemble regional transportation networks from the source data files,

save assembled networks and retrieve previously-saved networks.

Under Option 4 regional networks of up to 10 states can be assembled

from the source files comprising the model's data base. The size of

the regional network is limited to no more than 500 nodes and 2,000

one-way links. This is sufficient to accommodate most regional networks

of interest and the limits can readily be expanded if necessary.

To assemble a regional network, the user :-nust specify the number

of states to be included in the network and the FIPS numbers for the states

in response to the requests:

INPUT THE NUMBER OF STATES IN THE REGION

and

INPUT n STATE NUMBERS

A directory of states listed by FIPS number is displayed in the table on

the following page. The state's FEMA region number is also shown as an

aid to users. The computer program echos the FIPS numbers and names of

states to be included in an asse~uoled regional network. Users must verify

the list of included states by replying "OK" to the request:

TYPE "OK" TO ASSEMBLE NETWORK

As nodes and links are assembled for each state from the Node File

and the Link File, a short message is printed at the terminal. If more

than 500 nodes or 2,000 links are found, an error message is printed and

the network assembly is aborted. Occasionally, a link is read with
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TABLE: State Directory

FIPS State/District FEMA FIPS State/District FEMA
No. Name Region No. Name Region

1 Alabama 4 29 Missouri 7
2 Alaska 10 30 Montana 8
3 31 Nebraska 7
4 Arizona 9 32 Nevada 9
5 Arkansas 6 33 New Hampshire 1
6 California 9 34 New Jersey 2
7 35 New Mexico 6
8 Colorado 8 36 New York 2
9 Connecticut 1 37 North Carolina 4

10 Delaware 3 38 North Dakota 8
11 Dist. of Columbia 3 39 Ohio 5
12 Florida 4 40 Oklahoma 6
13 Georgia 4 41 Oregon 10
14 Guam 9 42 Pennsylvania 3
15 Hawaii 9 43 Puerto Rico 2
16 Idaho 10 44 Rhode Island 1
17 Illinois 545 South Carolina 4
18 Indiana 5 46 South Dakota 8
19 Iowa 7 47 Tennesee 4
20 Kansas 7 48 Texas 6
21 Kentucky 4 49 Utah 8
22 Louisiana 6 50 Vermont 1
23 Maine 1 51 Virginia 3
24 Maryland 3 52 Virgin Islands 2
25 Massachusetts 1 53 Washington 10
26 Michigan 5 54 West Virginia 3
27 Minnesota 5 55 Wisconsin 5
28 Mississippi 4 56 Wyoming 8
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endpoints which cannot be matched to any location on the node list.

When this occurs a one-line message is printed and the network assembly

is allowed to continue. When the data assembly is completed the total

numbers of nodes and links in the regional network are printed and the

network is sorted.

Up to ten regional networks can be sorted in ready-to-use form on

files attached to channels 11 through 20. Option 6 stores an assembled

network and Option 5 retrieves one which was previously stored. Users

must supply the program with a channel number. When a network is re-

trieved, the program lists the states included in the region and the

number of nodes and links in the network.

Following the assembly or retrieval of a regional network, users

are given an opportunity to list the information pertaining to the popu-

lation centroids in the region. The response "YES" or just "Y" to the

question:

LIST THE POPULATION CENTROIDS (YES OR NO)?

results in the production of Table 4.1 presenting the data fror the node

file for each centroid.
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2.4 The Crisis Relocation Plan

Control Option 1 directs the program to obtain a new crisis

relocation plan either directly from the user or by constructing and

solving a linear program (the transportation problem) according to

directions. A simplified flow chart for this segment of the program is

presented on the next page.

The interactive sequence begins with:

INPUT EVACUATION PLAN (YES OR NO)?

To directly input an evacuation plan a user responds "YES" or Just ".

Any other response is interpreted as a "NO." If the response is "YES,"

the program then requests from the user a list of numbers, three num-

bers for each evacuation/reception county pair in the crisis relocation

plan:

FOR EACH PAIR INPUT: EVACUATION COUNTY NO.,

RECE~PTION COUNTY NO., NUMBER OF PEOPLE

The three numbers for each pair must be typed on a single line and

separated by conmmas. The county numbers are 5-digit state/county FIPS

codes. Example: The line

26163, 26115, 100000

calls for the relocation of 100,000 people from Wayne County (26163)

Michigan to Monroe County (26115). The program echo checks information

as it is input. If a nonpositive number is input for the evacuation

county, the result is to delete the immediately preceding evacuation/

reception pair. To terminate the input sequence for the crisis reloca-

tion plan, the user types the line:
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999, 999, 999

The program prints the whole plan and returns to the master control

sequence.

If the crisis relocation plan is not input directly, the program

computes one by constructing and solving the transportation problem

described in 1.2. First, users are given the opportunity to directly

input the evacuation counties and the number of evacuees from each

county:

SPECIFY EVACUATION COUNTIES (YES OR NO)?

If the user answers "YES" or "Y," the program interrogates the user as

follows:

FOR EACH EVACUATION COUNTY INPUT:

COUNTY NO., NUMBER OF PEOPLE

For each evacuation county the user types the county's 5-digit FIPS code

and the number of evacuees from the county separated by a comma. For

example:

26163, 2000000

instructs the program to treat Wayne County (26163) as an evacuation

county with 2,000,000 residents to be relocated. The data is echo

checked on input, a nonpositive county number deletes the previously

irnput evacuation county, and the input sequence is terminated by typing

the line:

999, 999

If the user does not directly specify the evacuation counties, then

they will be indirectly specified by a set of controls and parameter

values which must be provided by the user in response to a series of

information requests appearing at the terminal:
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INPUT VULNERABILITY GROUP CODE (1 TO 4)

The user supplies the first digit of FEMA's crisis relocation county

classification system. All counties with a first digit which is less

than the supplied parameter value (except for A counties) are considered

evacuation counties, i.e., the response "3" has the effect of treating

all B and C counties as evacuation counties.

INPUT MINIMUM PERCENT TO BE EVACUATED

The user supplies a number in the range 0-100. This percentage is ap-

plied to each evacuation county's 1980 population to determine the

minimum number of evacuees.

EVACUATE COUNTERFORCE TARGETS (YES OR NO)?

If the user responds "YES" or "Y" then all counties which have signifi-

cant counterforce targets, as indicated by the second digit of the FEMA

classification code, are added to the list of evacuation counties. All

of the populations of counties with counterforce targets are evacuated.

INPUT POST EVACUATION MAXIMUM DENSITY IN

EVACUATED COUNTIES IN PEOPLE/SQUARE MILE

The number supplied is compared to the normal population density of each

ovacuation county. If the normal density exceeds the maximum, then the

number of evacuees required to reach the maximum density is computed.

This figure is then compared to the number of evacuees previously com-

puted using the minimum percentage. The larger of the two numbers is

retained as the number of eva uees from the county.

A similar sequence is followp~d for reception counties and their

capacity to hold evacuees. To directly input reception counties and

capacities the users answers "YES" or "'" to:

SPECIFY THE RECEPTION COUNTIES (YES OR NO)?
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For each reception county, the user supplies the county's 5-digit FIPS

code and the number of places for evacuees in the county. For example:

26115, 100000

indicates that Monroe County (26115) is a reception county capable

of accommodating 100,000 evacuees. The data is echo checked on input, a

nonpositive county number deletes the previously input evacuation county,

and the input sequence is terminated by typing the line:

999, 999

If the reception counties are not specified, then a set of controls

and parameter values are used to identify reception counties within the

region.

INPUT MINIMUM, MAXIMUM PRE-EVACUATION RECEPTION

AREA DENSITY IN PEOPLE/SQUARE MILE

Two numbers, separated by a comma, are typed at the terminal. The list

of non-evacuation counties is then scanned for counties whose 1980 popu-

lation densitv falls within the stipulated limits. Such counties are

included on the list of reception counties. For example, the response:

20, 500

would limit the selection of reception counties to those with 1980 popu-

lation densities between 20 and 500 people/square mile. The lower limit

serves to exclude areas such as mountains and deserts which cannot sustain

evaicuees while the upper limit excludes counties which are densely popu-

lated but have not been selected for evacuation.

INPUT MINIMUM, MAXIMUM TRAVEL TIME IN HOURS X 100

The response to this request establishes a travel time band around each

evacuation county. Travel times are measured along the fastest route at

normal highway speeds. As the transportation problem described in 1.2
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is constructed the travel times (t 1 . assigned to movements from

evacuation counties (i) to reception counties (j) are the normal travel

times between the counties. However, when these normal travel times

fall outside the travel time band, the travel times are artificially

increased by 1,000 hours. In effect, reception counties within the

travel time bands of evacuation counties are filled before any use is

made of reception counties which lie outside the time bands. For example,

the values:

50, 400

establish a band from half an hour to four hours around each evacuation

county. The program will relocate evacuees from an evacuation county to

reception counties within this band until the reczeption capacity of these

counties is expended before using any other reception couinties. T,.-

lower limit (one-half hour) pushes evacuees beyond the immediate suburbs

of most cities while the upper limit (four hours) holds evacuees within

the range of a one-day round trip from their homes and places of work.

INPUT MAXIMUM RESTDENT POPULATION MULTIPLE X 100

The maximum resident population multiple is applied to each reception

county's 1980 population to determine the number of evacuees which the

county can accommodate. For instance, a response of "300" is interpreted

to mean that reception counties can hold two evacuees for every pre-

evacuation resident. Thus, the capacities of the reception counties would

initially be set at two times each county's 1980 population.

INPUT POST EVACUATION MAXIMUM DENSITY IN

RECEPTION COUNTIES IN PEOPLE/SQUARE MILE

The area of each reception county is multiplied by the maximum density

supplied by the user to obtain the maximum number of people which the
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the county can hold following an evacuation. The 1980 population is

then subtracted to yield the maximum number of evacuees. This maximum

is compared to the reception capacity computed using the maximum resi-

dent population multiple and, if smaller, it becomes the county's

reception capacity.

At this point in the program, all of the information required to

formulate the transportation problem described in 1.2 has been input and

processed. A short table is printed at the terminal displaying the

total number of evacuation counties, evacuees, reception counties,

reception capacity and the values of all parameters supplied by the

user. The table listing is followed by the line:

TYPE "OK" TO COMPUTE EVACUATION PLAN

If the user responds with an "OK," a standard algorithm is applied to

either solve the transportation problem or to determine that it is in-

feasible. A short message is printed at the terminal reporting the

outcome of the attempt to solve the problem. Any response other than

"OK" returns the program to the master control sequence without solving

the transportation problem.
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2.5 Route Selection and Loading

Control Option 2 results in the selection and loading of routes for

a crisis relocation plan as described in 1.3. A simplified flow chart

appears on the following page.

To select and load routes a certain amount of additional informa-

tion about the operation of the highway network during an evacuation is

needed. This information must be supplied by the user when requested

by the program.

INPUT VEHICLES/LANE/HOUR FOR 1) LIMITED ACCESS,

2) PRIMARY 4-LANE, 3) PRIM4ARY 2-LANE, 4) SECOrDARY

HIGHWAYS

Four numbers are input giving the emergency carrying capacity in vehicles/

lane/hour of four general classes of highways. The capacity of each link

is found by multiplying the number of available lanes by the vehicles/

lane/hour for the type of highway comprising the link. Example:

2000, 1500, 1400, 1200

Speeds of movement during an evacuation are input for the same highway

classes in response to the following request:

INPUT AVERAGE SPEED IN MILES/HOUR FOR 1) LIMITED

ACCESS, 2) PRIMARY 4-LANE. 3) PRIMARY 2-LANE,

4) SECONDARY HIGHWAYS

Normal nonevacuation speeds along the highway network are taken to be

55, 45, 40 and 30 miles per hour. Slower average speeds would likely

prevail during an evacuation. For example:

40, 35, 35, 30
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As discussed in 1.3 three options exist f or controlling the use of

highway lanes during an evacuation. One of these options must be

selected by the user in response to:

INPUT HIGHWAY CONFIGURATION COPE 1) NORMAL,

2) ONE WAY, 3) VARIABLE LANES

The responses "1," "21" and '3" correspond to the three options described

in 1.3.

INPUT PASSENGERS/VEHICLE X 100

The user-supplied number is needed to convert evacuees to vehicles along

routes.

INPUT NOMINAL EVACUATION TIME IN HOURS X 100

Half the nominal evacuation time is imposed as an initial minimum

average delay for all evacuees on all routes.

INPUT DELAY TIME TERMINATION LIMIT IN HOURS X 100

The route selection and loading algorithm terminates if the delay times

on unblocked links are all less than the termination limit supplied by

the user or half the nominal evacuation time.

A short table is printed at the terminal echoing the input parameter

values followed by:

TYPE "OK" TO GENERATE ROUTES

The response "OK" is immediately followed by execution of the route

selection and loading algorithm described in 1.3. Any other response

returns the program to the master control sequence. As the algorithm

proceeds a short listing appears at the terminal describing the progress

of the computations. The listing describes the status of the link list

after each pass and the links which are blocked prior to the next pass

through the Ford-Fulkerson route selection routines.



39

2.6 Evacuation Simulation

Control Option 3 directs the program to simulate an evacuation

along the regional highway network according to a previously computed

set of routes and loadings. No additional input is required from the

user. At the conclusion of the simulation, a short table is printed at

the terminal showing the percentile distribution of evacuees as at risk

(unevacuated), en route, or at their destination.

LIq



3.0 Sample Run

A sample run using FEMA's UNIVAC 1108 computer illustrates the

interactive usage of the IDA/BPT model and pruvides examples of the

variety of tables that can be generated by model users. There are

three parts to the sample run:

1. The on-line (terminal) input/output stream.

2. Summary tables output through channel 20.

3. Route listings output through channel 19.

40
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3.1 Terminal Input/Output Stream

The sample run is a straightforward application of the model to a

small but typical problem, the evacuation of the major population, in-

dustry and military centers of New England. The terminal listing has

been annotated to show the major elements of the computations:

1. The control options are listed as the program begins
execution.

2. Route listings are routed to channel 19 which is linked
to the file FILE 19.

3. Summary tables are routed to channel 20 which is linked
to the file FILE 20.

4a. The New England regional transportation network is retrieved
in preprocessed form through channel 11. Previously it
had been stored on FiLE 11, or,

4b. The New England network is assembled from the transpor-
tation network data base.

5. Table 4.0 is printed.

6. The controls and parameter values for the crisis reloca-
tion planning submodel are input.

7. Table 1.0 is printed; the transportation problem is solved.

8. The controls and parameter values for the route selection
and loading submodel are input.

9. Table 2.0 is printed; the route selection and loading
algorithm is begun.

10. Table 2.1 is printed as the algorithm progresses. Each
line of the table shows a link to be blocked at the next
iteration of the route selection procedure. Also shown
is the size of the route list after each pass.

11. The evacuation is simulated; Table 3.0 is printed.

12. End.
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LIST OF CONTROL OPTIONS
NO. CONTROL OPTI!N
0 REPEAT LIST OF C fNTROL OPT'IJNS
I NFUT/CMPUTE CRISIS RELOCATION PLAN
2 UN ROUTE FINiiL0ADINi ALGORITHM
3 SM!.L.TE THE E'WlATmIN
, iuSSBLE NETWORK FROM DATA FILES

-EA' 3 *,RE 0WK

"ET "INkTE ",GRR'm.

2 IJPUT CONTROL 'rTICN ixUSS
9
CONTROL OPTION 9 TYPE "OK" TO EXECUTE
OK
INPJT NEW CHANNEL NUMBER (6=TERMINAL)
19

INPUT C'!NTRCL OPTION NUMBER
8
CONTR3L OPTION 8 TYPE "OK" TO EXECUTE
OK
INPUT NEW CHANNEL NUMBER (6=TERMINAL)
20

4a INPUT CONTROL OPTION NUMBER

CONTROL OPTION 5 TYPE "OK" TO EXECUTE
OK
ASSIGN INPUT CHANNEL FOR SAVED NETWORK
11

5 NUMBER STATE NAME
9 CONNECTICUT

23 MAINE
25 MASSACHUSETTS
33 NEW HAMPSHIRE
44 RHODE ISLAND

0 VERONT 4b INPUT CNTROL OPTION NU iBER

NUMBER OF NETWORK NODES 170 4
NUMBER OF NETWORK LINKS 788 CONTROL OPTION 4 TYPE'"OK' TO EXECUTE

OK
LIST TH4E POPULATION CERIDS (YES OR N)?LES INIJT TiE NUMBER OF STATES IN THE REGION (UP TO i0)

6
INPUT 6 STATE NUMBERS
9,23,25,33, 44,50

5 NUMBER STATE NAME
9 CONNECTICUT
.3 MAINE
25 MASSACHUSETTS
33 NEW HAMPSHIRE
44 RHODE ISLAND
50 VERMONT

TYPE ""K" TO ASSEMBLE NETWORK
OK
READING 37 NODES FOR STATE 9
READING 25 NODES FOR STATE 23
READING 39 NODES FOR STATE 25
READING 33 NODES FOR STATE 33
READING 15 NI.DES FOR STATE 44
REDING 21 NODES FOR .BTATE ',0
READING 200 LINKS FOR STATE 9
READING 114 LINKS FOR STATE 23
READING 224 LINKS FOR STATE 25
READING 184 LINKS FOR STATE 23
READING 76 LINKS FOR STATE 44
READING 118 LINKS FOR STATE 5O

NUMBER OF NETWORK 1ODES 170
NUMBER OF NET4ORK LINKS 738
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6 *NPUT CONTROL OPTION NUMBR

".:NrR T OTN I TYPE 'OK" TO EXECUTE

NP'JT E. .L.., C.N PLAN fES OR NO )"

S ' - Z. , T C,3: N iC U;NTIE:S C(ES CR NO )

.:., CE 0 TO 4

.. : . :. :%: i T3, 5E ,%'.CTE i

-.'.-E . N TEAFRLE T ET , YES OR NO)'

..,mT:,TGN VX:,mJl DENSITY IN EVACUATE, COL TIES iN PECPLE;S0. MILE

"F'ECIF' EIEFTION COUNTIES (YES OR NO)'

:NET 4liMUM, MAXIMUM PRE-EVA:UATION RECEFTION AREA DENSITY IN PEOFtE/K. MILE

:0,T 'MlN:IMk, IXIMUM TRAVEL TIME IN HOURS X too

:,P',T *XIMUM RESIDENT POPLATION MULTIPLE X 100

.VFT -h3ST EVACUATION MAXIMUM DENSITY IN RECEPTION COUNTIES IN PEOPLEiSQ. MILE
C0O

• 'J0[-F IF EVACUATED COUNTIES 11 EVACUATED POFIJLATION 2639506.
14JMBER jF RECEPTION COUNTIES 41 RECEPTION AREA CAPACITY 4251722.
AUL RAKLITY GRC-P CODE: 3
MINIMUM EVACUATED POPULATION: 90. PERCENT
-OUNTERFORCE TARGETS ARE E7ACUATEO

MINMIUM rECEPTI0N AREA DENSITY: 10. PEOPLE/SQ MILE
IAX'Mi RECEPT2,DN AREA DENSITY: :00. PEOPLE/SQ MILE

MINIMUM TRAVEL TIME TO RECEPTION AREAS: .50 HOURS
XIMU.M TRAVEL lIME TO RECEPTION AREAS: 8.00 HOURS

MAXIMUM REIDENT PFAATION MULTIPLE: 3.00
POST EVACUATION MAXIIMUM DENSITY IN EVACUATED AREAS: 500.
POST EVAOJATION MAXIMUM DENSITY IN RECEPTION AREAS: 500.

TYPE "OK" T, COMPUrTE EVACITION PLAN
3K

EVACUATION PROBLEM IS FEASIBLE
NUMBER OF EVACUATION(RECEPTION CiUNTY PAIRS 29

8 INPUT CONTROL OPTION NUI'BER

CONTROL OPTION 2 TYPE "Di," TO EXECUTE
OK

INPUT VEHICLES/LANE/HOLR FOR I)LIMITED ACCESS, 2)PRIMARY 4-LANE, 3)PRIMARY 2-LANE, 4)SECONDARY HIGHWAYS
2000, 1600, 1400, 1200
INPUT AVERAGE SPEE'D IN MILES/HOUR FOR 1)LIMITED ACCESS. 2)PRIMARY 4-LANE, 3)PRIMARY 2-LNE, 4 SECCNIARY HIN:,'AVS

INPUT HIGHWAY CONFIGURATION CODE I)NORMAL, 2)ONE WAY, 3)VARIABLE LANES

:NFUT FhSSENGERS/VEHiCLE X 100
400
INPUT NOMINAL EVACUATION TIME IN HOURS X 100
800
INPUT DELAY TIME TERMINATION LIMIT IN HOURS X 100
600

9 HIGHWAY CLASS VCLS/LANEIHR MILES/HOUR
LIMITED ACCESS 2000. 45.
PRIMARY 4-LANE 1600. 40.
PRIMIRY 2--LANE 140. 35.
SECONDARY 1200. 30.
HIGHWAY CONFIC4JRATION: ONE WAY OUTBOUND TRAFFIC
AVERAGE PASSENGERS FER VEHICLE: 4.00
NOMINAL EVACUATION TIME: 8.00 HOURS
DELAY TIME TERMINATION LIMIT: 6.00 HOURS

TYPE 'OK" TO GENERATE ROUTES
OK
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PAS . RO0UTES CAPACITY VEH4ICLES DELAY FROM crd-JNTY TO COUNTY ROUTE NAME
I4:.~ ~ AVON HARTFOR~D 1. E.TEP 1 ELD iS SOU; 44

:400. ~ -, H7$rARTFORD ARTF( D H1L' 4

.40 ~ EE. BERKSAIE ::T 7sF LO H;ri iFE3.F0-

4i: 2~ 2j4 '4 -00.TH FOSTER vEJENE;0
~40. ~ ' 7 cNs.F~ PR-DEC SiT FCSTER ;!'.;.7E

14 ~ ~ 1. T? .FK;OV! CE4D ~ .'~
6 E~~0N H ,EN~ :fTH;~Tr i~~

2~~N 1*EZI E

41 4"'- Q 25 BIDDEFR YC- ORLND 'LlBR!.C-:h~~

414d0. 7 3 34 N0L; RHHASPrN HI' AlH1,HEE' FITERD E~

400. 787'Q. 9.32 SMN PUTNOIDLEHA ASTON'R ROV IN~A L..-. OUT

400. 23294. 8.'4 ACITONHE PROVIDENJCE PUTAMILL PWuVNDiCE STA~.TE A 46
1400 2142. 764 NRT~FELO ERRI' AC LA'ONIABELN i N -- uE

400. 12. 769,rH~E BI"LFN iLLOF K r CC'JCJD '-7-R12i" '. 35

14000). 4 '1121. 7.6-4 NOA THU HILLS8O IREU IWH rLR HEE I.IH T

1400. 23294. 8.32 ECtIOND PROVIDENE CPAMHT RI N' E 34 'HTRr 
44

140)0. 2742. 7.211 NORTIf HL ME'd LONDON LCONIAST~ B4EWLNAP u. - .

140. 245. 7.29 MEAN N'HrEE tLEHRIUR RC!T 3
14000. "5,2 .2 DOESE E HIL6OON MAC-RLEuO HRFOD T FA

4000I. Sl692. 7.6 BONAL SUFF-'ROL I-'+ MAN~CE1R, HlL-CF RGfj ST-l; 'CL3

14000. 2,49''. 7.32 ESONDCE PROVIDENCE ICORTHHkTN HAMP3H11I EE I F,=

3 4 4000. 5111114. 7.2 MPRlMFIEL HARPDEN9 ~ HRP'l HARTFORD TAT R7

4000. r76U2. 7.14 NOIH NEWO wOCtDSTE COLCESE il&EEJ{I I TAE RU-AD1

14000. 5632. 7.2 MERITN NEW INHAN Ic~ ,kIT- HXKIRHM NTFUATD

4000. 57643 7.)12 COLCESER NSE ONO MALBOR HAORDIN~4 "T A ROL

40. 5f7 '2. 7. -2 BOSTN SUFF'OLK PE r!ANVS N R: -~ LIA'

400. 1;H3.64 ~WO7 ~ fAMUN CL'RH&f$.4 H:;L.R rN .TE ?I 1

40X'. 51665'c . 7. 32 c'R 1:* D HAEJM C NOHIf1LD MER1Ar'TEVSTATE 95

400. 171)31 7.14 N1d LNDON WOI.TERR KENEPR SU~kLVA STATE RCAD 11

400. 5693114 6.54 HAMPTON RO NEWP'3 SA@R$T0 N WHINGTAN TNTERTADE 135

1 47 4000j. 569..3 7.52AMSBR T0EcNGD L~fEL WINST3AO RLTH1J EPS AD

14000. 444o -,.4 NEICALE- [VANOR CLATIR AE, i I '7

50665. ,N. 46 WATERBUR MERRIACK3 OTI- ELND MLERRIA INEFi'T 93

1401'. ~'303. 6.4 THC LONDON L1CF1L ERRIINRT LULH I V AN' STATE D1

1200.~~c WASHNG3O 5. J ILIOH rLOD~TATE qOAD 130
1200). n3i" 9 .53 NEOTER W1. HIU ,)Ir OH HENNI SES- T~~cD

~' 9.0 Ni-GPOHILL$0i'O3N PTRCOU -AL0III 2 1 "A- ROAD 31
47 4000. 446 5.44 TORRINTONWL TE' jF I NE'S LODOTMR1H!! -0'STT S

400, 444'02. 5.5 MIL:-LEG3 HTEDN VR3NE DIO .. FT

41i:l~ ;00 b~0. ELAPt ED HOURS 2'TtW LICFIL 6 3 1 ,7- 16 20 2 4 3 1: 40 li I", 'CA
0. 1-1OH EENE CHSTR Al- ;)l 5R3 1 0 0 'A0 0 0 1

PERCETACIOF EVCUE5.30" FTS015 17 7 7 L0 0 0 0 0 )

PERCNTAG OF 3V:JE AT 5.: SO NAIJU ONL;l 4 23 MILOR 64lAl 1402999~ ? 9 ~ 9

12 INPUT 1IJNTROL lprIlui J1N

CqriTYP IPTII TO T YPE O ' . EJt.7T
OF
Ep IiF A ENPEDSU':4 6 44 7 -.
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3.2 Summary Tables

The summary tables 1.0, 2.0, 2.1, 3.0 and 4.0 reproduce tables

from the on-line input/output stream and are not duplicated below. All

of the other summary tables from the sample run are shown below. Variable

definitions are given in the notes accompanying each table.

Notes for Table 4.1

FIPS - five-digit state/county FIPS code
PLACE NAME - name of county center or principal city
COUNTY - county name
POPULATION - residents according to the 1980 U.S. Census
AREA - square miles of area
DENSITY - pre-evacuation people/square mile
FEMA - FEMA Countervalue code A, B, C or D

FEMA Counterforce flag X
blank field indicates population not at risk

Notes for Table 1.1

EVACUATION/RECEPTION COUNTY - county name
RESIDENTS - pre-evacuation population
AREA - square miles
DENSITY - pre-evacuation people/square mile
AT RISK POPULATION - number of evacuees
REC. CAPACITY (evacuation counties) - capacity of reception counties within

preferred travel time band of the evacuation county
CRITERIA - criteria for determining capacity of reception

county
REC. CAPACITY (evacuation counties) - capacity of reception county

to accommodate additional population

Notes to Table 2.1

PAIR - pair number ordered by normal travel time
PEOPLE - number of evacuees
ORIGIN/DESTINATION - name f county center
COUNTY - county name
HOURS - hours from origin to destination at normal speeds

along fastest route
MILES - length of fastest route
DENSITY - post-evacuation density of the reception county
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Notes to Table 2.2

ROUTE - route list sequence number
PAIR - evacuation/reception pair number
EVACUEES - loading of the route
CITY - name of county center
COUNTY - county name
DISTANCE - length of route in miles
TRAVEL - average travel hours at evacuation speeds
DELAY - average delay hours
TOTAL - TRAVEL plus DELAY time

Notes to Tables 3.1 and 3.2

EVACUATION/RECEPTION COUN: - county name
EVACUEE - number of peopie evacuated from or to the county
PERCENTAGE - percentage of evacuees departed from or arrived

at the county at the elapsed hour shown

Notes to Table 3.3

FROM/TO - name of county center
ROUTE NAME - highway type and number
DISTANCE - length of the link in miles
SPEED - evacuation miles/hour
CAPACITY - evacuation vehicles/hour for all available lanes
PERCENTAGE - percentage of capacity in use for the evacuation

plan at the elapsed hour shown
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ITABILE 4.1

CUL4T,'IN CENTRO ID LIrt
:!S PLACE NAME -P:LATI:N A.EA ;ENITY FEMA0l1 n'IRY... -' R2:'LO C ' - -"

TW.447
:'(!:'} >; , T ".', fi :i W "tj V '! -- i -: . -7,(:. X, :

0 it,.,ELSN WVfl NY ' ..', E.',001 LT4iC AND-Rjt:GOIN %"7- 47L.4._,,. 479. 408 Dl
003 HOULTON AFJlYEJTOOK '133i. 5 13. D X

23005 PORTtLAND CIMPERI.AN4D 25r cd,
23007 WILTON FRANtL[N 27098. 1717. /.

.,'9 ELLSWORTH H~it';.( 41731. 1542. 27.
:011 AUJ'STA KENE:EC 109889. 865. 127.
230:3 ROCKLAND KNOX 3-41. . 6 91
23015 NEWCASTLE LINCOLN 2559. 457. 56.
23017 NEWRY OXFORD 48913. ,5. ."019 BJG0R PENOSCOT 137015. 3408. 40. D
23021 FOXCROFT P[E$.4TA!YJIS 17634. 3948. 4.
23023 BATH 4'jAOAH9C 2795 257. 112.
23025 SXGWHEGAN -."iSET 45028 343 11.
23027 BELFAST WALDO 28414. 7"4. 39.
23029 MAIHIAS WASHIN43TUN 34?,U'. 2""... 14. D
23031 SANFOR' YORK 139666. 1 0. . :4. D x
25001 SAGfAORE BARSTABLE 147925. '9 :371.
25003 PITTSFIELD BERKSHIRE 145110 42. 154. D
25005 TAUNTON BR[ISdL 474641. r6. 9 54. D
25007 ELGARTOWN DUKEk 8F42. 106. b 4.
25009 DANVERS ESSEX 633632. 500. 1267. D
25011 GREENFIELD FRANKLIN 64:317 ', ?,
25013 SPRINGFIELD HIIPIIEN 443018. 621, 713. C X
25015 NORTHHAMPTON HAMPi IRE 138813. 5,. 25 .
25017 L1TTLETON Ml)IIST' 137034. -:0. 1 . U
25019 NANTUCKErT NAN :X-ET Si7. 4,'. 15.
25021 FRANKLIN NIN-F," e06587. 4191. 1524.
25023 PLYMOUTH PLYMOUTH 405437. 664. 611. D
25025 BOSTON WFFu: PSD 650142. 55. 1132'.. B
25027 WIRCHESTER W"Cf -S TER 6463-52. 152. 42. D
33001 LACONIA 35:. 7J4P 42884. 401. 107.
.33003 CONWAY CAR ]UL. 27931. 933. 30.
33005 iEENE CHE f'E 6211h. 717. 87
33007 GORiAM COOS 35141. 1,:.
33009 PLYMOUTH GRAP'i" 65306. 1717. '6
33011 NASHUA HILLSBOROUGH 2764. 890. 111. C
33013 CONCORD MERR 1:' 98,3K. 1i. 1%.
33015 PORTSM(UTH RO.KI:43HAM 190345. 691. 275. D X
33017 ROCHESTER STRAFflD 8540;4. 377.
33019 CLAREMONT SLI. IVaN 360&3. 537. S7.
44001 BRISTOL BRISTOL 4694". '5.
44003 EAT GREENWICH KENT 1541A2Y. 172. 896.
44005 NEWPORT NEW N 8138:. 115, 708. C
44007 ESMOND PROV!IDEN: 571349. ,22. 1154. B
44009 WYOMING WS:H!'W "1 93317. 324. :-. D X
50001 VERGENNES Ao:1l 1" l 29406. 735. 37.
50003 BENNINGTON BENNI3TO°: 33345. 672. 50.
50005 SAINT JOHNSBURG CALENIRNlo 25%X-. 614. 42.
50007 BURLINGTON CHITTENEE 1155:34. 532. 217. C
50009 ISLIND POE) ESSEX 6313. 664. 10.
50011 SAINT ALBAN3 F1ANKLIN 34788. 659. 53.
50013 GjRAND ISLE GRAND ISLE 461:3. 77. 60.
50015 MORRISVILLE LAOILLE 16767. 475. 35.
50017 WEST TOPSHAM ORANGE 22739. 690. 33.
50019 NEWPORT CaL 22440. 715. 3:.
50021 RU.AND RUTLPND 47. 929. 63.
50023 IONTPELIER WASHINGTON 52393. 708. 74.
50025 BRATTLEBARE WINDHAM %6933. 7Q3. 47.
50027 WILDER WINDSOR 51030. 965. S3.
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* 6c -,.L

E VAL-:'J ATIt CC.' .L'iTY FETS. T AFEA ExE:Y AT RP'% ;!P. RE[ A'.'
N EW LOIE0iN 23&40. 672. 54. 7 . ".

:5., 1"3. 42
YCF:* 13 966 i. 139.67 9 1'. 4120572.
H.-M 3EN 44:3013. 621. 713.39 .71. 4. 977
SUFFOLK PSD 650142. 55. 11820.76 .22642. 4'26'"& 2 , , 6:o 4 .
HILLSBORIJ[OH 2766("3. 890. 310.80 248947. 42-664.
ROCKINGHAM 10345. o9. 275.46 110. 4120572.
N: FORT 81.=93. .15. 707. 68 724. 422,664.
PROVIDENCE 57134'1. 422. 1353.91 5, 4.14 4'2664.
WASHINGTON 3317. 324. 23.02 4 "3664.
CHITTENDEN 115534. 532. 217.17 10Z3, 414462.

RECEPTION COUlXTY RESIDENTS AREA DENSITY CRITERION REC. CAPACITY
LITCHFIELD 156769. 933. 167.13 DENSITY 312231.
TOLLAND 1,14823. 416. 276.02 D':ENSITY 9i' 77.
WINDHAM 92312. 516. 17'3.90 DENSITY 10.5-V3.
ANDROSCOGGIN 3?657. 473. 218.49 DENSITY 1 ':4*3.
CUMBEFLAND 2157h. 381. 244.94 LIENSiTY 224711.
FRANKLIN 270913. 1717. 15.78 I.LTIPLE 54196.
HANCOCK 41781. 1542. 27.10 MULTIPLE .
kENNEBEC 10938, 865. 127.04 MULTIPLE 7
KNOX 3294 4 1. 362. 91.00 'JL Ti FLE 65So.
LINCOLN 25691. 457. 56.2 MULTIPLE 51 3Y2
OXFORD 4:W63. 2085. 23.49 MULTIFLE 979.
PENOEGCOT 137015. 3408. 40.20 MULTIPLE 2740X.
SAGADAHOC 2'a5. 257. 112.04 MULTIPLE 5759.
SOMERSET 4528. 3949. 11.41 MULTIP'LE

,..4. 734 7.:MULTIPLE
'HINGT'N "49" 553. 13.09 t=L-:FLE
BERKSHiRE 145 110. 942, 154.04 MULTIPLE 200220.
DUKES 8942, 106. 34.36 MULTIPLE 17 ' 4.
FRANKLIN 64317. 722. 39.09 MULTIPLE 126634.
HAMP HIRE 1.3,313 537. 258.50 ESITY 129687.
NANTUCKTT 5.087, 46. 110.59 MULTIPLE 10174.
BELKNAP 42:384. 401. 1,36.94 MULTIPLE 857 D.
CARROLL 113. 933. 29.79 MULTIPLE
CHESHIRE 62L16. 717. 36.63 MULTIPLE 12423.
COOS f5147. 1815. 19.26 MULTIPLE 70294.
GRAFTON 65306. 1717. 13.33 4LTIPLE 1 612.
MERRIMACK 9:3302. 9:31. 105.59 MLLTIPLE 1966. 4.
STRAFFORD :34E:. 377. 226.55 DENSITY 103092.
SULLIVAN 360&3. 537. 67.16 MULTIPLE 72126.
ADDISON 406. 73,, 37.46 MULTIPLE
BENNINOTON J3:'45. 672. 49.62 !.LTIFLE 666).
CALED,,A 6 14. 4 2. MULTIPLE 51M..6.
FRANKLIN 347-38. 659. 52.79 ,.IjLT IFILE t9576.
GRAND ISLE 4613. 77. 59.91 MULTIPLE 9226
LAMOILLE 1.5767. 475. 35.3 MULTIPLE 2334
ORANGE ,.,79 6i. 327. 'b _TIPLE 4473.
ORLEANS 23440. 715. 2'" MLLTPLE 46380.
F'TLAND S047. 929. u2.81 M.LTIPLE 116694.
WASHINEGTSN 52393. 708. 74.00 MULTIPLE 104736.
WINDHAM 3693'. 793. 46 7 'IULTIPLE 73566.
WINDSOR 51030. 965. 52..8 ,'IULTIPLE 1020X.
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ITABLE 1.2

EVACUATION/RECEPTION COUNTY PAIRS
PAIR PEOPLE ORIGIN COUNTY DESTINATION COU:NTY -rURS MILS I TY

22627. ESMOND PROVIDENCE PENNINGTON BENNINGTON ? 15. .
575"N. BOSTON SUFFEL.K P%-D BATH S2.4AHOC 4 134. " .
13644. BOSTON SUFFOLK 1>3D LEWISTON ANDROSCOCGIN 2.36 1 500. 0 0

4 :3678. NEWPORT NEWPORT WINSTEAD LITCHFIF1 I . 5t
5 102060. BOSTON SUFFOLK. PS0 WILDER WINDSOR 2. 125 .
6 72126. BOSTON SUFFOLK P3D CLAREONT CULL IVAN S 1 -. 4
7 73366. ESMOND PROVIDENCE BRATTLEBARE WINDHAM
a 685? ,. ESMOND PROVIDENCE KEENE CHESHIRE 20 950•
9 OL198. HOULTON AROOSTOOK BANGOR PENZBSCOT 1.. 3 112• 64

10 8395. WYOMING WASHINGTON wINSTEAD LITCHFIELD ol 9 599• 0
11 53401. BOSTON SUFFOLk, PSD PORTLAND C..MBERLAND 1.91 105. 51) 0
12 41", BOSTON SUFFOLK PD LACONIA BELlKNAP •4 •

0 1 E'WOD PR41DMENCE GREENFIELD FRANK'tIN ,:
14 1, 2.. ESMIOND PROVIDENCE NORTHHAMPTON HAMPSHIRE 1.53 72. 00
15 556r3• NASHJA HILLSBROGH KEENE CHESHIRE 42 42. 259.90
16 103092. BOSTON SUFFOLK PSD ROC HESTER STRAFFORD 1.40 77. 50O. 00
17 131612. W iSJA HILLSBOROUGH PLYMOUTH RAFlON 1.35 74. 114.9R
1 214568. NORWICH NEW LONDON WINSTEAD LITCHFIELD 1.31 61. 500.0
:? 31642. NASHJA HILLSBOP OUCH LACONIA BELKNAF .23 22
20 196604. BOSTON StFNL -. .2ZNCCRD ,E.R. ;,12:
21 93177. ESMOND PROVIDENCE BOLTON TOLAND 1.1? 47
22 1256,9. SANFORD YORK LEWISTON ANDROSCOCGIN 1. 15 53. 500. O
23 290220. SPRINGFIELD HAMPDEN PITTSFIELD BERKS HIRE 1. 10 56. 462. 1
24 59567. NEWF4)RT NEWPORT DANIELSON WINDHAM 11.05 4. 500.00
25 171310. PORTSMOUTH ROCKING4AM PORTLAND CUMBERLAND .S6 47. 530. i
26 1084%. SPRINGFIELD HAMPOEN CREENFIELD FRANKLIN 62 34. 26.7..
27 45169. BURLINGTON CHITTENDEN MONTRELIER WASHINGTON 62 34. 117.30
23 106121. ESMOND PROVIDENCE DANIELSON WINDHAM 53 25 500.00
29 58812. BURLINGTON CHITTENDEN VEROENNES ADDI .55 22. 12.-:3.
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- -7E ,_=ns ,STS ...AND '_OAD:'NOS

-E "' EE" CI C% zV %( ,TY T-'.L:
1 22686, ESMOND PROVIDENCE ?EININOT ON BENNINOTON 12 3. 3.40

575Q0. BOSTON SUFFOLK P3D BATH SAGADHOC !32. 4 2. 4 4 6'
7.. NEWPORT NEWPORT WIN3TEAD Li;CHFIELD6 7, . 4.4. .:1,0 3 I"°:0. 2 ... NEWPO'RT iEWPORT AI.-,EAD LiT-FiE. ". '- .. 4. .2 .

4 4 :39?0(18. BCSTON SUFF.L. PSD WILDER WicND-R. ' -)4. * :7. -

-' 4 7:%,. BOSTON ,EUFFLK PSD WILDER WiNDSOR 7 , 4 c.19
. 4 62316. BOSTON SUFFOLK FD W IrR :NvOR- , .,

6' . BOSTON SUFFOLK PSD CLAREMONT SULLIVAN 7
2 5 2966. BOSTON SLFFOLK PS CLAREMONT SULLIVAN I 14.3 2.75 5..9 74

73866. ESMOND PROVIDENCE 5RATTLEBARE WINDH-' 2 1.01
, 68539. ESIOND PROVIDENCE KEENE C,ESHIREA 4 4, 7.'4

7 0 '"98. HOULTON AROOST3TOOK BHNLR PENOBSOICT I.' 5 . , 4. ,,'
9 4568. WYOnING WASHINGTON WINSTEAD LITCHFIELD 0. 7 .,6 4.4 -

31 9 794t7. WYOMING WASHINGTON W IN'.TEID LITONFE L 11.0 2. 6 4. "..,:.
0 . 67044. BOSTON SJFFOLK PSD PORTLAND CUMB LA,,. , I.0 7 . 4.. 1

.. 1 23130. ,rSTON SUFFOLK PSD LATN IA .,LK" 94.7 .0 6 . ,
S'?6. BOSTON SUFFOLK PSD LACCNIA BEL.NAP 97.3 2. 37 5.?9 g..
1 0138. ESMOND PROVIDENCE GREENFIELD FRANKLIN :.3 2.11 - 1 -
13 1157 ESMOND PROVIDENCE NORTI+SAMPTC',N NAMPsHIRE 71.7 1.35 C. 7.

4! 13 13965. ESMOND PROVIDENCE NORTHHAMPTON HAMFSHIRE 1119. 2.77 43 7
O 14 55693. NASHUA HILLSBOROGKJH KEENE CHESHIRE 42.5 1.42 4.00 5.4,

15 10:3092. BOSTON SUFFOLK PSD ROCHESTER STRAFFORD 75.6 i .68 4. O1) 5.6
16 43844. NASHUA HILLSBPLOUOH FYMOUTH GRAFTON 74.2 1.65 6. 7.77

* 16 82768. NSHUA HILLSBOROJGH PLYMOUTH GRAFTON 74.2 1.76 5.
17 3425. NORWICH NEW LONLC, , STEAD LITI ' ", 4',
17 12143. . N 0RW H NEW LNDON WINSTEAD LITCHFIELD 3.0"- -.

. i8 13644. PORTSMOUTH ROCKINGHAM LEWI STON ANl;ROISLOGGIN 72. 0 4.62 ,
18 19 22678. NASHUA HILLSBOR1IJGH LACONIA BELAP 61.3 1.47 6. 7.
4 38765. NASHUA HILLSBOROUGH LACONIA BELKNAP 61.8 1.53 5.9 7.57
43 19 200. NASHUA HILLSBOROLIGH LACONIA BELKNAP 79.5 2.41 5.57 7. 'Al
19 20 1398. BOSTON SUFFOLK PSD CONCORD MERRIMACK 5. 6 ..46 6.112 7. C,

4 '0 ,8206. BOSTON lSUFFOU PSD LINU.RD MERRIMACK 1 4 9 " -

1 93177. ESMOND FROVIDEN1E DOLTON TOLLAND 4-.5
119039. SANFORD YORK LEWISTON ANDROSCOGO i N ; 3. 5-

* 22 6660. SANFORD YORK LE ISTON ANDROSCOGOIN 71. 4 2. 33 4. ,:'Ar
" 23 129,561. SPRINGFIELD HAMPDEN PITTSFIELD BERKSHIRE 56. 0 i. 32 5z "  7. "

40 1.) 126503. SPRINGFIELD 'iAMPDEN PITTSFIELD ?ERlKSHIRE 54.4 c0:7 7.1
46 *3 34156. SPRINGFIELD HAMPDLEN PITTSFIELD 2ERKSHiRE . c 4..
4 '4 57402. NEWPORT NEW3RT DANE.ON v INDHAM 4. 5.51

47 '4 165. NEWPORT NEWPORT DANIELSON W I NZHA"4 1. .5' 4. '
5 25 157667. PORTSMOUTH R.C,INGHAM PORTLANDLLMD 46.8 . . .4 41) 6

41 26 1O8)o96. SPRINGFIELD HAMPn.EN FPEENFIELD FRANKLIN 1.. .7 4 46 F ."
:7 7 , 9 .7, ,L::.,M N CHITTENDEN ONT'EL: R Ah"INGTON 7.4
48 23 64284. ESMOND PROVIDENCE DANIELSON WiN[,HAM 24.7 .5. 51! 1

2 413.7. ,-MCND PROVIDENCE .II ., N ,HAM .". ... .58.12,. BURLiGTCN -;i TTENDEN .ERI-ENNE3 D 1 : ,"

ft
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ITABLE 3. 1

EVACUATION ,EFARTURE SUMMARY
EVACUATION COUNTY EVAUJEES PEFR,'EN'AGE L:EPART-D AT ELAFSE l.!"DUR

2 4 6 - 12 16 20 24 2 72 4
PROVIDENCE 514214. 2Q" 41 61 2w 99 ; ': "9 79

SUFFOLK PS, 622641. 19 .3 7 7o 99 99 99 99 ' . 99 ,.
NEWPO]RT 45 11 d '.. .99 '?*9 1'9 5 99
AROOSTOOK 82198. 24 47 74 ,9 99 "?
ASHINGTON i'05 :4 4'3 7' "6 99 99 99 oV 44 .; 4 9'4:,

HILLSBOROU[iH 24947 1 "S 55 73 9t 99 99 ? 99 4' ' ' 79 9 99
RCKI OH AM 7 1310. '1 43 4 S6 99 99 99 9q *''4= '9 ' -
NEW LONDON 21456S. 47 71 95 99 99 99 09 ,"- 09 '.' ,i 99
YvC K "il,. I' 7 '6 " ' ? 99 99 9 '4 ."-' .
HAiPDEN -98716. 19 $3 8 7 77 99 ? 9 9; 9399 934 V " 99 7?
CHITTENDEN 103.8i. 24 4Q 74 99 99 9? ''? 999 ' 99 9'? 9

'ITABLE 3.2

RECEPTION ARRIVAL SUMMARY
RE(EPTION COL iTY EVACLI.ES PERCENTAGE ARRIVEL AT EL AP HOUR

- 4 6 8 12 16 20 24 3 4,.) 41;
B4.NINOTON 22686. 0 5 24 44 2 99 99 9 9 ?-T . '9 ' 9

AGAAHOC 57;0. 11 33 54 97 9 99 99 09 90 9 '-'? :'-'L±-,,r EL -,.' Z 9L. 4 -: '

4 42 7,,
EULLIVAN 71 7 . - ,.
,TNDHAM 73366. 0 14 3' 52 '91 r? 99 '9 '9 . 9 99 '9 9
PDOBSCOT 821 ?. 19 44 0 99 9 99 Q 9 90 '99 ' ?
CHESHIRE 124232. 3 '24 47 70 99 99 99 99 '9 94 99 '., .;9
CUMBERLAND 22 4711. 7 27 49 71 99 99 99 99.
BELl -INAP 35768. 18 3! 5 1, o4  9? 99 .;Q '4 P,4 W o C C

7 RANK 2: . 11 33 C 7 . P9 40 ,) 4 .' 40
HAMPS4IRE 12927. 20 39 5? 90 99 99 "'i " C'C ,Q '4 9 99
STRAFFORD 103092. 4 ., 4 79 99 99 99 99 '; 99 '79 9 9

GRAFTON 131612. 2' 18 ,25 52 85 99 99' 9' " 9 " ' ''
ANEROSCOGGIN 139:3:43. 5 4 43 63 9' '9'; 9-9 99 49 ' 99 49 44
MERRIMACK l604. 4 0 37 53 c-6 ?? ,9 99 5 "9 9' ' 99 '9
TOLLAND 93177, 7 31 55 79 99 9'? 99 99 '9 99 99 99 99
BERKSHIRE 29022110. 4 22 40 53 93 9 ? 99 9 09 99 ' 9 ' 99 4
WINDHAM 165688. 7 27 46 65 99 9'? 99 99 7 - a , " , - ,
WASHINGTON 49169, '5 40 c-5 Q0 99 99 9? 9 "

1"LISON 5282 i . 17 4 . ' ' 99 M
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:TABiLE 3.3

'': R LINK OHARAkTERISTICS AND LOADINGS
TO ROUTE NAME V'T TEED k. rip.E .TA T -E F

,V.., WINSTEAD U.;. ROUTE 44 20. 35.0 2800. 96 1i*A: 100 10 )
ASHFORD BOLTON U.S. ROUTE 544 12.3 35.0 2300. 1 100 : 0 i S
-LU..I FOSTER DANIELSI U.S. ROUTE 6 10.8 35.0 2800. 100 11J 100 .00 41 9 .

ThAM A-FfORD UJ.S. ROUTE "4 .. 5 35.0 200. 'u0 100 100 .
A:',"iEF4CHET PUTNAM U.S. ROUTE ,4 13.0 35.0 2J00. 1, 0 i:: 9 .HARTFORD AVON U.S. ROUTE 44 ' 35.0 2300. 'n 100 IiO 100 D
"ERIDAN MILLLALE STATE ROAD 66 5.4 35.0 2300. 6 100 C 04 ! O 0
'1RTLANO LEWISTON STATE ROAD 900 25, 45.0 4000. 31 ZA :4 '"4 0 0J

Z'LEFORD PORTLAND INTERSTATE 95 12.3 45.0 8000. 58 Iii] 100 0
'.F-,RD PORTLAND U.S. ROUTE :02 27.7 35.0 2,0,.. "10 10 0 0 0

51'RT2DUUTH L:OORI INTERSTATE 95 34.0 45.0 300. 1 " "O ,
PITTSFIELD U.S. ROUTE 7 12.4 35.0 2800. i01 iI i0o0 101 0 0 0FZRTHHAMPTON PITTSFIELD STATE ROAD 9 35.4 35.0 2800. 100 100 10 i0 76 0 0 0 0'.RT IHAMPT GREENFIELD INTERSTATE 91 15.0 45.0 40()0. 100 100 109 lo 0 6 0 0
RRAGE REENFIELD STATE ROAD 2 15.0 35.0 2800. 74 100 i100 1090 0 0 0 0 0 0 i-HICPE NRTHAPTON U.S. ROUITE 5 14.0 31.0 1400. 68 07 97 97 0 0 0 0 0 0 0

:..ERTCWN '40FHHAMPTON STATE ROAD 9 11.4 35.0 7_3, C. 0 0
ERSVFLLE _:,-IE;TER STATE ROAD 146 ,.3 45.0 .C'.. .... 93 " ,,ETFIELD LEE INTERSTATE 90 1. 45.0 4000. 7i 70 7.) 7T  4. 3 0 05,* -,TGN LAWRCE INTERSTATE 93 25..3 45.0 8000. 32 82 82 o 23 0 o 0 0 o. 0

i4RCHESTER BELCHERTOWN STATE ROAD 9 2?.3 35.0 2800. 100 100 00 100 0 0 0 0 0 0 0 0WCRCHESTER ORANGE STATE ROAD 122 34.7 35.0 2800. 100 100 100 100 10 0 0 0 0 0 0 0
-OPEEZ 1STFIELD INTERSTATE 90 7.3 45.0 4000. 70 70 70 70 0 0 0 0 0 0;ICRTHFIELD PLYMOUTH INTERSTATE 93 28.0 45.0 4000. 6:3 c.8 68 68 63 0 0 0 0 0 0
ANCHESTER CONCORD INTERSTATE 93 17.5 45.0 3000. 100 10 0 10 0
4NCHESTER CONCORD U.S. ROUTE 3 17.5 35.0 2300. 100 10) 100 100 1 3;o 0 0 0 0 ,LAWRENCE MANCESTER INTERSTATE 93 22.8 45.0 300. .2 8 32 3 3' 0 0 0 o 0 0 o
ASHUA MANCHESTER U.S. ROUTE 3 15.1 35.0 1400. 100 1iXi 100 10 03 0 0 0 0ECND ASTON INTERSTATE 295 4.5 45.0 8000. 3 93 93 o3 0 0 0 0 0 0
CNSTON SOUTH FOSTER U.S. ROUTE 6 8.5 35.0 2800. 1"0 i 100 100 100 0 0 0 0 0 3 06YC' I SOUTH FOSTER STATE ROAD 102 24.0 30.0 1200. 100 100 100 100 0 0 0 0 0 0 0 :ESMOND CHEPACHET U.S. ROUTE 44 3.5 35.0 280. 100 100 100 100 0 0 0 0 0 0 0A'STCN SLATERSvILLE STATE ROAD 146 7.8 45.0 8000. 93 93 93 93 0 0 0 0 0 0 0 0 3

I
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3.3 Route Listing

Each route is displayed in detail in Table 2.3. The routes appear

in the sam order in which they are summnarized in Table 2.2. Since

Table 2.3 is long and quite detailed, only the part of it corresponding

to the first nine routes of Table 2.2 has been reproduced below.

The sequence of nodes proceeding from the origin to the destination

is shown for each route. For each node (or link into the node) the

following information is given:

NODE - the 5-digit FIPS code of the state/county with the
node's single-digit sequence number added as the sixth
digit.

CODE - a code number embedding the highway segment's
characteristics and number.

TRAVEL - elapsed travel time to the node at evacuation
speeds.

DELAY - elapsed delay time, i.e., the longest average
delay time imposed by a congested link already listed.

TOTAL - TRAVEL plus DELAY time.

DIST - accumulated distance in miles.

SPEED - link evacuation speed in miles/hour.

CAP - link evacuation capacity in vehicles/hour for all
available lanes.

VCLS - number of vehicles using the link according to the
route loading.

PLACE NAME - name of county center.

COUNTY - county name.

ROUTE NAME -highway type and number.
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ITABLE 2.3

Ri.U'JE I

fifE CODPE TRAVEL DELAY TOTAL B]ST. SPEED CAP. VCLS PLACE ;'ME NAM N" ''E uA1E
440070 122?5 .00 4.00 4.00 .0 ,0 0. 0. ESMOND F-3VIDE E INTESTATE 2?5
440071 :12?5 .10 4.70 4.80 4.5 45.0 8000. 75224. ASTON PP)VIDE4:E INTERSTATE 295
440077 33146 .27 4.70 4.97 12.3 45.0 '00. 752:4. SLATERSVILLE Fi 4I:E :CE :ST4TE -m.D 6570 33146 .69 4.70 5.39 . 45.0 8000. 75224. WORCHESTER WORCESTER STATE ROAD 146
250112 :15122 1.63 5.21 6.89 65,3 :35,0 2800. 29173. ORANGE FRAW LIN STATE ROAD 122
250110 35002 2.1. 5.21 7.32 60.3 35.0 2800. 29173. GREENFIELD FRANKLIN STATE ROAD
20111 12091 2.2,5 5.21 7.46 87.1 45.0 4000. 24139. BERNARDSTON FRA*LIN INTERSTATE 91,4 1'- . RTTEAR .N~ :NTERSTATE 91
500250 12091 2.50 5.21 7.71 9S.1 45.0 4000. 24138. BRATTLEARE WIND1AM
500030 35009 3.40 5.21 8.61 12?.7 35.0 1400. 5672. BENNINGTON SENNI43T.N STATE RnAD 9

ROUTE 2

NODE CO-DE TRAVEL DELAY TOTAL DIST. SPEED CAP. VCLS PLACE NAME OXUNTY ROUTE 'NAE
250250 12095 .00 4.00 4.00 .0 .0 0. 0. BOSTON SUFFOLK PSD iNTERSTATE -5
.. 0 1209 .34 4.00 4.34 15.5 45.0 3000. 56931. CANVERS EEE KTER'TATE .

250093 1209. .79 4.00 4.79 '35. 5 45.0 8000. 569"1. AMESBU'RY ESEI INTESTATE 95
330151 12095 1.06 4.00 5.06 47.6. 45.0 ,000. 59.i. HAMPTON ROCK1NGHAM INTERSTATE 5

'30:50 12095 .Z5 4.00 5.25 56. 45.0 80K0. 56931. PORTSMOIUTH ROCKiNGHAM :NTERTAT 5

230311 12095 2.00 4.62 6.63 90.1 45.0 8000. 73936. BIDDLEFORD YORK INTERSTATE 95
230¢50 12095 2.2 4.62 6.91 103.0 45.0 6000. 739,36. PORTLAND CLiFRLAND NTE;"'TAT tS
-"551 120 5 2.,81 4.62 7.4:3 126.4 45.0 4000. 143?7. BRUNS-;WICK .,EERLAND '.17E, ,-TATE
,.,0 "'C01 2, 94 4.62 7.57 132.4 45.0 4000. 14397. BATH i,3:C ,.,, :. . TE I

ROUTE

,ODE C,.E TRAVEL DELY TOTAL 1ST. SPEED CAP. .'CLS PLACE NME V."NTY
, ,Ie- 0'l 4.00 4.00 .0 .0 0. 0. NEWPORT ",EWFCRT •SATE cA,

: ; 1 .17 4.0 4.17 16 . 35.0 2E00. !270. SA;NERSTOWN , 1ASHI0T.N 7A.T " %m o
44,j091 Z301 .(3 4.00 4.63 26.7 45.0 4C000. 3419. WESTERLY W$HNGTON .S RUTE 1

?0111 12095 .63 4.00 4.68 8.9 45.0 4000. 24416. PAWCATUCK NEW LCNDON NTERSTATE 5
90110 '6002 1.22 4.00 5.22 45.2 30.0 1200. 1337. NORWICH NEW LONDON STATE RO.AD 2
90113 33002 1.52 4.00 5.52 58.6 45.0 8000. 54979. COLCHESTER NEW LCNDON STATE RGAD 2
9037 32002 1.63 4.00 5.63 3,.6 45.0 9000. 54979. MARLBORO HARTFCRD STATE RAD 2
;,:0 '.02 1.9 4.00 5.95 77.8 45.0 8000. 5497'?. HARTFORD HARTFORD OTATE K ,AD 2"- JS 25!44 2.1'? 4,43 6.62 86.3 35.0 2800. ,4787. AVON HARTFORD U.S. R'.ITE 44

90050 25044 2.77 4.43 7,20 106.6 35.0 200. 24787. WINSTEAD L:TCHFID L.S. ROUTE 44

ROUTE 30

6O0E CODE TRAVEL DELAY TOTAL DIST. SPEED CAP. VCLS PLACE NAME COUNTY RrOUTE NAME
440050 35138 .00 4.00 4.00 0 .0 0. 0. NEWPORT NEWPCRT STATE R;AD 138
44002 '513 .17 4.00 4.17 6.1 35.0 2800. 18270. SAUNERSTOWN WA-h1,3TCN STATE ROAD 13S
.il,?,,:, -,,v,, . -1.00 4.63 2.7 4!.0 4000. 341'. 'hESTERLi " ";IN"T N .. E . TE

",l , 4.00 4.68 28.9 45.0 4000. 24416. FAWCATUC3. NEW -O?,QN :,,,ER:, TT
012 1:095 .45 4.00 4.95 41.0 45.0 4(0,N. 2 -7. NEW LONEON %EW LCNEA.'N :NTEST7TE ' 5

.71 5.32 57,7 45.0 4000, 23079. :."A'YRCOK " "'E
:'715 :. 0 4.00 .70 74.8 45.0 000. 23079. MIDDLETC N M rI EE E

:1:4 ' ' ', 4 4.00 5.1 84.0 45.0 4000. 23079. EAST SERLIN ,,RTO TTE ED o
-'f,;l 4.0 6.10 Q2.S 45.0 6000. 23079. MER'DAN :E.'AV,' T'

5066 -.. 25 4.12 6.37 98.0 -35.0 2600. 23079. MILLDALE MAFTFJ£ll :,TE RCAD104 5 4.12 6.64 0010.0 4. . 3271. WATERRY 24 A TA 4
.0052 -CO8 4.12 6.71 11.' 45.0 3000. !3271. THCMASTOWN L:TCHFIELD ATE RnAD S
K:054 33003 .86 4.12 6.98 125.3 45.0 8000. 5"01. TORRINGON L T;FE B ;E ;::,
90050 320;, .05 4.12 7.17 1.Y 45.0 60(. T7TE K "
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.RjrE 4

,4C:E CC.E TR '-L :lE-AY TiOTAL DI IT. EED C AP. VCLS :LACE ;;E ',::ATY , -
...........

::0 5 '9 >" ., 4.0 .".f) . ,') , T- k1- m.K " ,;..

• - .7 / * 4. 3 . .. .7i .. - . ..
. .';- ....,4 994 '; 5.JuC':4):)b ~~ . 7 4;:.. 1 . ,"- - ,

., 7 .7 (- ? 

-.

--, 9.... 1" R ... 95.: 45, 0 :.0"'0. 4')546.. ; E'4 L:%ON: RX ; <, :,TE:TTT i:

S ' 1 . 71 116.4 4 0 40u:J. -L ,
ZO070 1239 77 612 .9 24.6 45.0 400. 2515. w ILDER T ... 'TER -

"JJTE 15

' CfE T"E RAVEL DELAY TOTAL 1'T SPEED CAP- CLS PLACE NAME '-UNTY E ', E

. 0 93 .00 4.00 4.00 0 .0 . -O 0STtN IFClL . ,

%5M71 0 2003 .62 4.00 4.62 27.8 45.0 40W. 1877S. L- ELL .,IDDLE:,X U S.. ]JT E 'I
.O1.10.7 ? 4.00 4.79 35.6 45.0 40. 18778. NASWrA hILLS",RIU.H U. c-,. ,

2,3 1, 
RA 141)4.0

37 i30 13 .00 . 5 45.0 3000, 150 MANCHESTER HILLSKROUIH S.ATE RAD 900
330L0 003 1.- 5.99 7.62 6,8.2 35.0 200. 33550. CONCORD "ERRIMAC1( U. K'TE
I 3 03 12089 1.81 5.99 7.80 76.3 45.0 4'00. 2,007. HCFKINTOWN ERRM.CK :NEFTAE 95 rf ' -- -0 " 

, '~,:, AT E" &9

3i01S5 12'N -. 2 5.9" 3.23 98.2 45.0 800. 4546 -NEW L NN 7 ARICK S 9

33,0091 .. 12011, 9 2,76 5.99 3.75 119.2 45.0 4000. 255.,15. LEBANON ;RAFTCN Ni P'ATE $9

, 9 2. 94 5-99 3.93 127.2 45.0 4000. 25515. WILDER WINrSCI N;-i-:KTAES 9

RF.TE 42

NODE CDE TRAVEL DELAY TOTAL DIST. SPEED CAP. VOLS FLACE NAIVE CfIJNTY F:1 TE NAME

250250 23003 .00 4.00 4.00 .0 .0 0. 0. BOSTON StFFOLK PNI U.S. RECTE

01 I1 23003 .62 4.00 4.62 27.8 45.0 4000. 18"778. LOWELL MIDDLESEX .S KTE 3

-301 10 22003 .79 4.00 4.79 -. ,6 45.0 4000. 13778. NASHjA HILLSKROUH4 U. S. ROUTE 3

K'0 111 25003 1.M 5.57 6.79 50.7 35.0 1400. 15839. MANCHESTER HILLSB0ROUGH 2

1 - 61 1 4 2.03 5.57 7.60 74 :.0 24'0. r 5 ENKER .E. R T A L .4

3 3.3 2 .1 9 5.57 7.75 2.0 45.0 4t40. K5539 T0; N N . ... ,..

3 ,5 1 .369 2.67 5.57 3.24 03.9 45.0 300, 43546. ,E LCNCCN .ERRWA:K '
330091 109 3.14 5.57/ 8.71 125.0 45.0 4000. 25515. LEBANON GRAFTON NITERI.T A 89

50070 2039 3.aK 5.57 8.89 13.0 45.0 40). 25515. WILDER WINDSOR NTRSTATE 9

ROUTE 
5

NOL.E CGDE TRAVEL DELAY TOTAL DIST. SPEED CAP. VCLS PLACE NAME -.. ""T NAM' E

/50250 11093 .00 4.00 4.00 0 .0 0. 0. STON FFOLK F .
259 123 .56 5.00 5.56 25.3 45.0 3000. 79951. LAWRENCE Ets, ,-4,

1.,11 12093 1.07 5.00 6.07 48.1 45.0 0000. 79951. MANCHESTER iL LRi'H . Tr- - E

* . 'u 093 1.46 6.12 7.58 5.6 45.0 2000. 97903. CONCRD 1ERTMACK " R- ' *: "

"0,0-1 12089 1.64 6.12 7.76 73.6 45.0 4000. 28007. HOPKINTOWN MEF:RI :K Ni TER c. 7L'E :-

30V5 12039 .12 6.12 8.24 95.6 45.0 8000. 43546. NEW LONDON 4.ERRimACK .. T... Q

0 1 ".... 2.35 6.12 3.47 103.6 )5.0 2800. 13031. NEWPORT IL: . ,

"0190 35011 2.53 6.12 9.70 111.7 35.0 2800. 180':1. CLAREMOINT '' Wi. -, ..

ROUTE 36

NO E CODE TRAWL DELAY TOTAL DIST. SPEED CAP. YCLS PLArC NAME ri NTY "NAM

=,5q 43,3 .00 4.00 4.00 .0 .0 0. 0. BOSTON ,FFiLK PO ;. * -

7 C2 .62 4.00 4.62 27. 45.0 4000. 1o77 LL E X
1.1 2,03 .79 4.00 4.79 ,.6 45.0 4XO. 18773. NASHUA H A

3 201i1 '3900 1.13 4.00 5.13 !0.7 45.0 2000. 51502. MANC:HESTER HiLL CKI, H :TAE ,AD X
X fZ .30 25003 13 5.99 7.62 68.2 35.0 2 00. -Z33550. CO ' RD

3 120839 1.81 5.'9 7.80 76.3 45.0 4000. 23.,:00?. HOPKINTOWN M*RI : ., s ,, , S

301',5 12089 2. 29  5.99 3.28 98.2 45.0 35i)00. 43546. >EW L"N:N OEFRIMACK T AT 30
330191 35011 2.52 5l. .51 10.2 35.0 2300. 13031. NEWPORT ,tLLIVAN STATE ROAO 11

330190 35011 2.75 5.99 3.74 114.3 35.0 2800. 180:31. ... .,jRE .,NT ULLIVAN StaTE RA * 11



4.1 Programi/Storage Size Limits

A number of constraints are imposed by program storage limits on

the size of problems which can be handled by the model. These con-

straints are shown in the following table.

Constraint Item Limit

Input/Output Channels 11-20 10
States per Regional Network 10
Regional Network Nodes 500
Regional Network Links 2000
Evacuation Counties 40
Reception Counties 500
Evacuation/Reception County Pairs 200
Routes on the Route List 500
Links per Route 19

These constraints limits have been set to conserve computer memory

without excluding most applications. If necessary, the limits can

be expanded by increasing array dimensions and making other minor

changes in the programs.
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4.2 Subprogram Descriptions

MAIN - A dummy main program which only calls MASTER.

MASTER - Operates the master control sequence.

PASS - Operates the route selection and loading algorithm.

ORDER - Reorders the link list for a regional network.

PRICE - Performs the first stage of the Ford-Fulkerson
fastest route computation for a given destination.

ROUTE - Finds the fastest route from a given origin to a
given destination.

COUNTY - Prints a table of county population centroids
within a region.

LOCK - Locates a renumbered node from its FIPS code and
sequence number.

STACK - Gets the nodes of a regional network from the
Node File.

ROADS - Gets the links of a regional network from the
Links File.

SAVER - Saves/retrieves preprocessed regional networks.

SHOW - Prints summary table and route listing on completion

of the route selection and loading algorithn.

SORTR - Twig sort routine called by ORDER.

BUILD - Operates the assembly of a regional transportation
network from the data base.

SETUP - Operates the direct input or computation of a crisis

relocation plan.

LOADL - Performs an evacuation simulation for a single
network link

EVAC - Operates the simulation of an evacuation given a set
of route loadings.
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LOADER - Computes traffic on all links given the number of
evacuees using each route.

BlOCK - Blocks congested links at Step 4 of the Route
Selection and Loading algorithm.

IFSAME - Checks a new route to see if it duplicates a
route on the route list in Step 2.

TIMER - Computes average travel, delay and total time for
a route.

HEADER - Prints a table heading.

TRNPLX - Main calling sequence for solving the linear program
transportation problem.

RESET
XCK
SWAP
RESD
ROW - Subroutines called directly/indirectly
GET from TRNPLX.
DELTA
MIN
NEW
PIVOT



4.3 Procedure Files. Elements

BPT*EXECUTE. COMPILE

Compiles source code to relocatable elements.

BPT*EXECUTE. ASSEMBLE

Assembles relocatable code elements.

BPT*EXECUTE. RUN

Executes program.

59
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BPT*EXECUTE. COMPILE 6

AtC., :BECT.
FUP R BPT*'SCURCE.-C CMMON,BPT4SCLIRCE.

UFTN, NO BPT*SO'URCE. ROUTFE, fBJECT ROJiE

@FTrN iNO BPT*OOLRCE. ST K,OBJCF.'STACK

tFTN,,NO BPT*oCURCE. COL'NTY, CBJECT. COUNTY
SEF
4JFTN, NO BPT*SOUIRCE. LOCK, OBJECT.LIICK

@FTN, NO BPT*SOURCE. ROA[L$,OBJCT.ROADS
IEQF
2FTN,NO BPT*SOURCE.SAVER,ODBJECT.'AVER
@EOF
@FTN, NO BPT*SOURrCE. SHOW, OBJECT. SHOW
KEOF
@FTN, NO 8PT*SOURCE.SORTR,0BJECT.SGRTR
HEOF
tFTN, NO 9PT*SOURCE. BUILD,iCBECT.BUILD

'4FTH. NO BPT*SOURCE. SETUP, OBJECT. SETUP
!EOF
@FTN,NO BPT*SOURCE. LOAEL,OBJECT.LOADL
HEOF
Y~TN, NO iPT*SCUFR;- .EVACCKJEWEVC

UF1KHO BPT*S-OLIRCE. LOADER,OBJECT. LODAER
@EOF
0FTN, NO MP*SOURCE.BLIcOCKBECT.BLOCK
KEOF
@FTN,NO BPT*SOURCE. IFSAME,OB.JECT. IFSAME
IECLF
EMFNNO BPT*S0URCE.TL'MER,O&ECT.TI~1E

?FTN, NO BPT*SOURCE. HEADER, OBJECT.HEADER

tFTN, NO BPT*SOURCE. TRNH..X, OBjECT. TNPLX
aECF
@F NNO BPT'SOURCE. RESET,GBJECT.RESET
~EOF
FrNNO 3PT*SECURCE. XCY,0BJECT. XCK

@EOF
4-FThM) ?PT*SCLRCE.SuWF-c8JEiT.SWAP

'FTN.NO BPT*SOURCE.,;ESD,OBJCT.RESl

iFfT,NO BPTP$OURCE. RrW, 3BJECT. ROW
TEOF
'Af', NO BPT*cEOURCE. HET, !jB..ET.lGET
KEOF
WFTNAO 8PT*SOURCE. OELTA,CB.ECT.DELTA
IEOF
!FTN,NO BPT*SOURCE.MIN, JJB.ECT.'IIN
tEOF
!F 711 NO 3PT*SOURCE.NEW.:'CBjECT.NEW
KEOF

OFTN. NO BP*DLRE
#EGF
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BPT*EXECUTE. ASSEKLBLE

4, 3i ECT. N

IN 'JFl CE

IN --KETR'AD
N -Icr .SAE

N OB :ELT SETUP
IN OBJ.EiT.LCD
IN OBJECT.SORT
,N OBJECT.BUILDE
.N OB.jECT. SETUP
IN OBJECT.TLCPDL
IN OBJECT.ESET
IN OBQECT.XLCK
IN OBJECT. TRNPL
IN OBJECT.RESET
IN OBJE(T.XCK
IN OBJECT.SETP
IN OBJECT.RESDA
IN OBJEIT. ROW
IN OBJECT.NET
IN OBoECT.PINO

IN OBjECT.TIMER
IN OBIJECT.IFSAME
IN OBJECT.HEADER
KEOF

BPT*EXECUTE* RUN

@ASr3,A BPT*USND.
2 ASG,A BPT*UStLI,,
@AS'3,A BPT*MAP,
@ASG,T FILE11.

@ASGT FILEI:3.
@SGT FILE14.
IASGT FILE15.
@ASG,T FiLE16.
@Aof ,T FiLE17.

RASGj,T FILE19.
@ASGT F ILE2O).

@USE 8,BPT*USND.
@UE ,PT*UCLD.

*U :E Ifl BFT*MAP.
@USE 11,FILE:I.

MUE 12,FILE124.

r,0."E 15,FILEI5.
&S$E 16,FILE16.
b oE 17,FILE17.

1USE IQ.FILE?.
@USE -O,FILE20.
'-MUSE 7,ROUTES.
@107 O'BJECT .SM~AIN



4.4 Source Code Listings

COMMON Block Insert
Main Program

Subprograms: Transportation Subprograms:

MASTER TRNPLX

PASS RESET

ORDER XCK

PRICE SWAP

ROUTE RESD

COUNTY ROW

STACK GET

LOCKS DELTA

ROADS MIN

SAVER NEW

SHOW PIVOT

SORTR
BUILD
SETUP
LOADL
EVAC
LOADER
BLOCK
IFSAME
TIMER
HEADER

62
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INSERT PROC

LOGICAL. OMIT
DIMENSION IY(I),IA(1),ISS(1i
COMMON /81/IJR(21.5O0),JTO(2OOO),CR(500) DRCSOO)

1000)

COqMMON 'B4/iNCLOC(2,60),NAM.ES(7, .Ofl)),XLLOfi(2,5O0'))LLOC(50)

..A'iwKCN / F6 'r .L ,2O0, i ,;PDLNK:o 2,N'wC 'PLINK~ 2001X
EKUIVALENCE ~VV,(~~KESS

END

C
INCLUDE SOURCE. INSERT

C
C-

CALL MASTER
STOP
END

SUBROUTINE MASTER
C MASTER CONTROL SEULENCE

INCLUDE SOURCE. ]WSERT
DIMENSION NREG(60) INREADY IS)
DATA KINI,KIN42,KOUT1,KIS2,K,OUT3/5,,6,6,7/
DATA YESI'OK'I
DATA NREADYI0,0,0I
REW~IND 10

5 READ(10.501,END=10) J,(MAP(I,J),1=1,4),(S'NAMES(I,JI,I=1,4)
.501 FORMAT(56J2X,404)

GO TO 5
10 UR ITE i fI , -4)

666 FORMAT(," LIST OF CONTROL OPTIONS'!' NO. CONTROL OPTION'
1/' 0 REFEAT LIST OF CONTROL OPTIONS'
21' 1 INLI1/CO?'UTE CRISIS RELOCATION PLAN'
2/' 2 RUN ROUTE FINDING/LOADING ALORITHM'/
2' 3 SIMU.LATE THE EVACUATION'/
3' 4 ASSEMBLE NETWORK< FROM DATA FILES'/
4/ 5 READ STORED NEThJORK' 1' 6 ':AVE GENERATD NETW~ORK'
5,' 7 REWESIGN INPUT CHANNEL FOR PARAMnETER VALUES'
6/' 8 REASSiC*J OUTPUT CHANNEL FOR SUMMARY TABLES'
7/' 9 REASSIGN OIUTFliT CHANNEL FOR ROUTE LT"TNO'
81' 99 TERMINATE PROORAM')

20 WRITE(KCJT,601)
601 FORMAT(/' MsfT CONTROL OPTION NUMBER')

READ(KIN1,*,ERR--20) I
IF(I,,NE.99) GO TO 25
WRITE(KOUTI,60S)I608 FOJRMAT(1X,'TYPE "O)Q TO TERMINATE')
READ(KlIN,b':5) AYN
'F(AYN.NE.YES) GO TO 20
WRITE(K(DUT1 ,609)

609 coRMAT(1X,'PR'ORAII ENr,
iF()(0UT2.NE.6) WRITE(KOUT2,6201
IFU'KOUT3.NE.6) WRITEK0UT3,620j)

Q40 FORMATI/.I1X)
I F(KOU12.NE.6) ENDFILE KOUT2
lF(KOUT3.NE.6) ENOFILE KOUT3

RETURN
25 IF(I.LT.O.OR.I.13T.9) GO TO 20)

WRITE(KOUT1,603) II603' FORMAT(1X,'CrNTROL OPTION ',12,' TYPE "0K TO EXECUTE')
READ(YINI,605,ERR=20) AYN

t45 FORMAT, A2)
IF':AYN.NE.YES) 0D TO 20

IF(I.GE.4.AND.I.NE,6) GO TO 40L.___ _____ x r, ,
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iF(1LE,3E'.~E~tYh1)EO.1 .2 TO 40
F(I.E.&. ND.NEADY().EO1 -0 TO 40

, A '' n.~O ~JATI'N FLA.N,

TO~~ ~~ 30' 9,0 ~,Ocn3 310,320,3O):1
30 CALL cETflPt ,'UTt,UT2 ,KiN2&,NN,NL,NREG,.NPR, INFS )

NREADY 01) =0
GO TO 2.0

100 CALL PAS-'(KI1Nh,KDUJTI,KOUT2,K0IT3,NN,NL,N4PP.,N4RTd1Rf.3,PV,KTOC' ,
IA( 1001))
NRAIY 13) =I
IF(NRT.LE )) NREADY(3)=0
60 TO 20

00 CALL BIIILD(KI) .KOUTI,KOIJT2,NN,NL.NREG,A. IY)
260 NREADY~l)-1

IF(NN.LE.0.1,R.NL..E.0) tNREADY(l)=0
NREADY I)=
NREADY (3) 0
00 TO 20

250 (ALL E'A.(KOUTI,KiJJT2),NN,tiLHRS,PV ,NRT,A,Y, (lC001)
,,,0 To 20

300o KS=I-4
CALL SA ER (KS, NREAiY, KIN 1, KOUJTI 1KOUT2, NN, NL, NREG)

IF1 G2.)O TO 260
GO TO " 0

310 WRITEKOUT1,60b)
.READ0'.T?1,*,ERRz3l0) KI

F(KI.OKOr~1.0.KI.Q.K0T2.0RKI.E.KOU 3 0 TO33
IF(K.LE.O.ANKI.N.5)GO T6) 3,30

IF(KI.GT.;30O) G0 TO :330
KIN2--KI
00 TO 20

320 WRITE(KOJTI 607)
READ(KINI ,*TR=320) K0
IF(Ki.EU.K1N1.0R.K.O.E iK1N2) 20 TO 330
F:iKO.LE.1 .ti "D Ku J,1E.6.H'JD.KO.NE.7) GO TO 3:30
iF)LEQ.9'ANi K) 3Eu .CjT) 00 TO 330
!F( :.O £T 0) L0 TO 3

IF(I.EO.9r- UT-)
G0 TO 2N)

330 WRlTE(KOUT1,610)
GO TO '0

bOb FORM4 T) lX, INPUT NEW. CH4AMEL NUMBER (5=TEFMINAL) 1
607 FC R-A-( !X, 'IPTNEW C'j g4NEL NUI.XER (T ~ A)'

61ENDMT~x il--EGAL CHANNEL SELECTIOJN')

El.,BR0UTIWE F ASS 4,INI, KfUT1, KOUT2, KOT3, NNi,NL,NPR, NRT,SPV, KTCC.
I T"-T)

C INE PA3
iNCLUDE SGURCE. INSERT
DIMNSION NF)4),MP4)4",XPV(4),XPHt4),TST(l)
DATA YESIOK'I
DO 3 L=1,NL
GMIT (L,l )=.FALSlE.

3 OMIT(L,2.)=.FASE.
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C INPUT 14-TWRY PAAMETERS

910 WIMKO~T1,.06)
606 FORMAI/IX, INPUT k 1ILE./LANEXT0UR FOR 1"LtMTED WXE-So 2 )PR IM

IRY 4-LANE, S':RARY 2--LANE, 4 'E ZARY H'~A
READ(Ti11, *, E.R=9IZ 1 NVK 1),

o08 'CR!T1~ N-iT AVEFAC;E 6-FKED 7N :LE3,*MCllR KR 11!L'MtTED ACCESS-)
I .')PRIMARY 4-L.NE 3: ' 2-3ANE, ;~~~FYHG~3

1( 4,I (L * Ii

T=XPHi 1)
ViF)l.IE 3) GO TO 16

T=X1 XPH')
IF(K1.4) 5'u TO IS
V= XPV(3-)
T=1f 3)
IF(KI.E9.5) G0 TO 16
V=XPV(4)
T=XPH (4)

16 C=2.0

C=3.0

SFL (L)=C

C.FRkL) 4 STLNK(L) IT
IF(CFR(L).LE.).k0) CFR(L)-ilj.01

4 CON I NUE
360 WRITE(KOUT1,623)
623 F0RMATIIX, 'INPUT HIGHWAY CONFIGURATION CODE I)NORMAL, 2)ONE WAY, 3

I)VARIABLE LAN~ES')
READ(KINj,*,ERR=360) KTCC

IF(KCC.T.1OR.T0.3.3)GO To36
IFTCLE.2 GO TO 370

DO 365 WLq
US~ BFR(L)=2,O*BFR(L)
370 WRI~T(KOUT1,624)
624 F0RMATUlX,'INPIJT PASSENGERS/VEHICLE X 100)

READ(KINIJ~,ERR=370) KPV
IF(KPV.LT.O.OR.KPV.GT. 10000) 00 TO 370
FV=FLOAT(KPv)/ 100.0

629§ FO)RAT(IX,"INPUT NOMINAL EVACUATION TIME IN HOURS X 100!)
READ(KINl,*,EWR-380) NH
HRS=FLlAT(H) /100.0

IF(HS.L.0..C~HRSOT.4.)GO TO 380
390 WRIUE(iI)UT1,630)
630 FORMAB1X,'l~PUT DELAY TIME TERMINATION LIMIT IN HOURS X 100')

ZT L=FLOAT (ND) ( 100. 0

WITE(KOIT1,650) (XPV (K) , XPH V) K21, 4t
IF(KTCC.EQ. 1) WRITE(KOUT11651)

IF(KTCC.EQ.3) WRITE (0,7! 6 '53)
AJITE)YYJTI,654) PV,HRS,:TL

50FCRMAT(I/1X, HIOJgAY CLAS VCL : iLANE HR Mid:3I'HUR'
lIX,<LIMITED ACCEE:E 'FO0F2O,
21X,'PRIMARY '4-LAN ',Fl0.0,F12.01
31X,'PRIMARY -LANE ',FIO.0.F1Z.(i'
41X, S: ECCNDiRY',7XF10.0,FI .0))

651 FORMAT(lX, HIGHWAY CIONFIGUiRATICN: NORMAL TWO WAY TRAFFIC')
6521 FORMAT QX, 'HIGHWAY CONFIGURATION: O4NE WAY OiUTBOUND TRAFFIC')I
653 F0RMAT(1X, HG0HWAY COINFIGURATION: VARIABLE LANES TRAFFIC')
654 FGRMATIX, 'A0ERm'GE FAS-SENGERS PER VEHICLE: ,F521

11X, NOMINAL "EvAUATION TINME: 40!..'HORS'/
111X, DELAY Tl!NE 7ERM1NATIFON LIMIT: 'F5.2,' HOUR'l
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W(KOUT2.EQ.Z) fGO TO 46o
- LL -XE4"EPKT2.)
wRITE 'JTZ,6'90) (XPV(Kl,XPH(K)4I=1,4)
Iz(KrTLL EQ.1) :RITEFiJT2i.1)

-'P T.EQ.'J A) RT'rCK: 5)

C5 ' CV Ti3 TYPEu. ERATE RCUTES!)

NRT--:.
5 NRS=NRT

NIT=NITtl
NE40

00 30 KPR=1,W'R
IF(DE?R(KPR).LT. 1.0) GO TO 130
J:R=IJPR( 1,KPR)
IF(NE.EQ.O) GO TO 20
DO 10 JE--1,NE
IF(JR.EQ.,EV(JE) ) GO TO) :30

10 C.ONTlINUE
20 NE=NE+l

JEMJ(E)::JR
C WRITE(11,601) NE,JR

CALL PRIC:EIJRNN,Y)1,NE),LFR,IFR,MFR,CFR,OMIT(1,24),NODElS,IA(1001)
1 ,S)

30 CONTINUE

40 COLD=CMAX
WMx~o. 0

DO 70 hPRIl,NPR
IF(r.ENPR(KFR.).LT.1.0) G0 TO 7-0

IS-i]JPR)2,KPR)
DO 50 -JE=1,NE
IF(JR.EQ.,lEV(JE)) GO TO 60

50 CONTINUE
0') TO 70

60 IFU(IS,JE).iT.C:OL[) GO TO 70
IF(Y(t3 ,JE).LE.INX) G13 TO 70

KMAX=KPR
jMAX=JE

70 CONT:NU E
:F(KAX.EG.t0) 00 TO 200
TF(NRT.EQ.500) GO TO 200
147NRT~ I
rR (MT) =(). 0
CR(NRT)aI
I,, ,,NRT)=K:,A

,R--iJPP)2,;i' AX)

11, 1) , NODES)
VIF('- .'E
IF(lF14.E.O..AND.IF A)ME(NRT,NRS -,IJR).EO.0) 0O TI) 80

75 NRT=NRT-1
GO TO 40

80 IF(NRS.E3.,) GO TO 40
T YM=TIMERtNRTF4,HRS,T1,T2)
DO 85 KRT=I,NRS
IF(TjR(2,hRT).EQ.KX.M.J.TY9.LE.A(KRT)) GO0 TO 40

351 CONTINUE
GO TO 7'5
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200: IF(NEW.GT.0) GOc T,;' 87
25LiAST=2
DIV=100.O

.1 T 125

A L , : 0 E- R, 7

K 1V NR' LE ,RlG 1

S KRT)-=O. 0
!F(TST(KPR).LT.A(KRT)) GO TO 13 D
TST(KPR)=A-(KRT)
IS S(KPR+1000) :KRT

130 CONTINUE
DO 140 KPR=1,NPR
IFlDENFR(VKPR).LT.1.0) 0O TO 140
jRT::IS3PR+1000)
S(JRT)=DENFR(KPR)

140 CONTINUE
DIV=DIV+1.0
W1:2. 0/DIV
Wlj-I.O-W1

DO 150 KRT=11NRT
IF(ABS(DR(KRT)-S(IKRT)).GT.100).O) KH03-tKHGI4

150 DR(KRT)=ii*S(YRT)+WIDR(KRT)
C WRITE(6,602) (DRkKRT),KRTh14NRT)

602 FORIAT(1XdO0F12.2)
IF(DIV.13E.500.0) 0O TO 175
IF(KHG.GT.O.AND.DIV.NE. 100.0) G0 TO 120
CALL LOADER(NRT,NL,KTCC)

160 DO 131 KPR=I,NPR
131 T.TKPRl~I.CE2o

DO 1312 KRT=1,NRT
IKPR=IjP(2),RT)
IF(A0;lRT).LT.TST(fl) TST(KPR)=A(KRT)

132 CONTINUE
DO 138 KRT~1,NRT
KPR=IJR(2, KRT)
IF(DR(KRT).0T.0.02DEPR0FR)m G0 TO 133
IF(AKRT).LT.1.0ZT,TKFR)) "A TO' 1-13

133 DRK=DR(KRT)
DR (KRT) -).
DO 134 JRT=1,*T
:F(IJR)2,JRT).NE.KPR) GO TO 1-l'4

134 CONTINUE
138 CONTINUE

NRS-)
[1O 144 YKBT=1,NRT
iF,'rj(KRT).EQ.0.O) GO TO 144

CR; RS I =OR FRT)
0R(NRSlCfR(KRET)
NF=IJR(1,IKRT)41
2O 142 J=I,,NF

142 W,'(JSRS) =I JR(WKRT)
144 CONTI EWE

'4T:NRS
CALL LOADER CNRT, )LTCC)
IFILASl.M.) GO TO 175

155 CAL BL~r(KJTP,LT2,NN,,NL,,TrC,P,HR":,T,NIT,NRT)
IF(TI.LE.2.Os*DTL4.00OI.OR.NRT.EQ.500) GO TOi 205
00 TO 5

175 CALL SHOW(Ki:JT,OUT,N'R,NIRT,N4E,PV,HRS.A)
RETURN
END
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SUBRULTII4E ORDER(NN, NL, YR, :FFPjT10,,CR ;

,<

Dn 0-i T,?.,

I0=FR( K)

JTO(K)=,ITfl(KO)
MfR(Klsl FR~eK0I
CFR(K):-CFR(KO)
IFR(K)z10
JO (KO -10
MFR (K0Om
CFR (Kil) =C0
V1 ISNH

20 LFR(Kl)=KO
DO 35 KzlJtN

35 LFR(K)=0
J--o
DO 40) K~t,NL
lF(,JTO(Kl).EQ.J) 0O TO 40
J--JTO (K)

40 C0NTl'.XE
N, = NN+ I
N2--N1+l

00 50 tKZLNI
KI14-K
IF(IYR(Kl).EQ.01 LFR(Kl)-J

50 J--LFR(K1)
DO 80 K= I! l
I1,;s (K) 
I1:JTOMK
L33=LFR (I I)
LF=LFR( 11+1)-I
DO 60 L=LS.LF
IF (IFR (L.EQ. 1. ND. MFR.(L)E. MMR)fig 00T 70

60 CONTINUE
rw) 0 0S

30) CON1liIE

c WRITE": 601)

601 FORIMATUX1 l016)

'0ENRNt$(K
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S! EROUTINEPiE~NNYRF FC A' ':BE
C PRICE OUT 'NODES FCR TO .,.'TO

i2CKAL CMIT

DO 5o=),2NN4

IF(SI1)GT.5999)GO TO 60
IT=ISS(2, 11)
K'S=LFR( IT)

IF(R'S.$T.KF) G0 TO 25
DO '20 K*SKzKF
IIK=IFR (K)

400 FORMAT(X,515,F9.3,416)
IF(JK.LT.I) 00 TO 20
P=S(Il)±OER(Kl
IF(P.GE.S(JOK.) GO TO 20
IF(OMIT(K)) GO TO 20

C WRITEI1I,600)
C IK,IT,MFR(K),JK,i,CFR(K),3)(II),SfJK ),,,EDESZ(1,IK),N0DES(1,IT),NODES"(I,J'
C K) IDES(1I)
1)5 S(Y)*=
20 CONTINUE
25 IF(I.GE.NN) 00 TO 60
30 JS=l+l

P=,S (I)
DO 40 Jlz.YI,NN
IF(S(JIJ.GE.P) 130 TO 40

40 CONTINUE
SC J) =S(I1
N=( I SSJP

IC-:S(2,J)4ISS(2. I)
ISS(2',I)=N

NISS(2,J)
1351 1IN)=J

50 CONTINUE
60 DO 70 I=l,NN

IP=ISS(2,I)
70 Ytfl):3)I)
C WRITE(iI,o0l)(V)I:,N

401 FCRWhT(IX,I0El21.4)

END

SUBR)UTINE ROJ.TE(1S,JR, IPNO,KR, IJRCRY,S,LTO,JTO,TO,CT,OMITNOID
lESI

c FIND THE BEST,, DISTINCT RCUTE FROM IS TO JR
LOGICAL OMIT

DIMENSION LTO (1),JTO (1), MTO (1), CTO (1),OMIT (1), NOLES (3,1)
DATA LlrM.TOL/19,1.0OlI

C DO 5 L=1,407
C J=-JTO(L)
C NJ.lOO0JCDIESu,.l+10.NDES,J)rItitE 3,,
C WRI-E(5,602) LLTO(L)hLTO(L+1),.J,NJ,NT0tL',CTO(L),5TQ)(L,,Y(J)
C 5 CONTINUE
C WRITE(6,602) K1,RYIS1E
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IFNO=0

LTEST=Y il$)*TQOL

10 !LT;p

lF(-L.GT.Lli) 00 TO 70
:7TURN

SO30 =(R
LS.)LTOC I)
LP:LT0( 1+1)-i
DO 50 L--LS,LF
IFCOMITCL) GO TO 50
J=JTO(L)

CWRITE(6,602) I,J,IS,JR,L,ITCI(L),CKR,CTO(L),Y(J),Y(1'S),Y(jR)
602 FORI AT(X6I9,5F9.3)

IF(CtK'R+CTO(LC4YCJ).LT.CTEST) GO TO 55
50 CONTINUE
70 IFNO~1

C WARITE(6,602) 1,J,IS,UR,L,MTO(L),0.' KR1CTO(L),Y(J),Y(IS),Y(JR)
RETURN

55 IJR(I,KRC1IL+l
IjR(IL+ ,KR)=L
SC KR) :CKR+CTO (L)
CR KR )=S(CKR) +Y CJ)
IL=IL+l

C WRITE(10,600) KRCR( ,R),S(KR),r1TO(L),(IJR(IK+i1KR),K=1,iL)
600 FORMAT(1X,15,2F9.3 ,2015c/(2-5X,2)15C C

00 TO 20
END

SUBROUTIN~E COIUNTY CKLIJT2, NN, XLLOCELLOC, N)DES. PAMES C
C LIST POPULATION CENTROIDS

DIMENSION XLO( lL~iO~lO~)AAcc(,)HLH6

IF(CIJT2.NE.6) CALL HEADERCKOUT2,M)
WR]TECKOUT2,601)
DO) 10 J=1,NN
IF(NODES(3,,J).GT.0) GO TO 10
K=1000*NODESC 1,J)+2-*NODES(,J)-l
POP=XLLdC(1 1J)
A'R=XLLOC(4',J)
DEN*POP/AR.

IFCLI.EQ.(0) Ll=5
L2=LLOCC(J)-1O*Ll+5
AL=ALPH( Li)
CF-=..PH(L'2)
WRJTEMKUT2,c602) ,(AkNAME$CI,J),]:1,7),PEPAR,DEU4,AL,CF

10 CONTINUE
RETURN

602 FORMATCX,15,2X,4A4,2X,3A4,F2.0,2F8.0,3X,AI,LX,Al)
601 FORtMAT(MX'PO1JITION CENTROID LIST'/

11WFIPS PL.ACE NAME',X,'COUNTY',8X'POPULATION AREA',
2' DENS:ITY FEW)

END
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iJ71 NE~~E IE~P,4<ITOT N, 1,4C, XLLOC,

NJD-3, N ES)
U:5 Ert r ,E LI.:T-, FPrC 'i4fELI'BT FILa~'P N '00C'

- E

XLL.) 0 - l"

K=0
DO 40 J=1,60
IF (MAP(l1,J ).Eo.0i.')PNRE'3(J).EQ.0) 0O TO) 40

FIND (81NR)
;4F~t AP(2.,J)
!F(jiO.GT.O) NrJLOCI2-/,.it))=K
NOLOC(1,J1)K+1

NNS=~NF-tf1+1
RIVEKOTI,601) NN$,J

!:01 FrRMAt11XREADING 1,13,' NODES FOR SThrE ",I2)
DO 30 'R=NRNF

IF(K.GT.500() GO TO 510
READ (3'NR,502,ERR=2oiD tLT,IC,1IO(ANAMES(IK),1=117),XIP,

XLLOCI 1,K)=XIP
XLLOC(2',K)=fIiA

NODES(l1K)=IT

NODES(23'K)=ICi
50 TO .30O

602 FORTAT(lX~215)
K=K-1

30 CONTINUE
40 CONT INUE

NNZK
NOLOC( 2QJO) -NN
RETURN

50 NN=-1
WRITE(67 61)b03 fORMAT(ILINUMER OF NOJDES EXCk 'EDS 500')
RETURN

501 FORMAT(AL,15,2x.5A4,13)
502 FrRA~ 1,1111X44 6,)A,,X',30, 4X, t2)
50? FORMAT (IX,3:I:, Y8. 0 2I13)

ED

FUJNCTION~ LOr(IT, IC, 10, NOLCC,NODES)
C FIND NODE INDEX

DIMENSION NOL-OC(2,11hNODES(3w
KS:NOLOC(1, IT)
KF:NOLOC(2, IT)
DO 10 K=KS,Kf
IF(NODES(2,K).NEaIC) DO TO 10
IF(NODES(3,K).NE.10) 60 TO 10
LOCK=K
RETURN

10 CONTINUE
LOCK=O

601 FORM1AT(1X,'NODE WXATION ERROR',515)
RETURN
END
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SUBROUTINE ROADr6(NET NEG, MAP KT 1, NNNLClJ, IJNCU)>.'NODeS3)
C CONSTRUCT ROAD LINKS FR) M ROALNET FILE

DIMENSION CJlJ31,OO),)NDS31
DIMENSION NET(1),NREG(l),MAP(4 1t)DEFINE FILE (OO.0ENR

TF MAP(3, J)EQ. .a7E~)EC4.O -,c TO

DO 30 JR=NRNF
READ (9'NR,503,ERR=25)ITCtOLL2TJCO,3'd.K 1 H
13-NREG( iT)
.S=NREG( JT)
IF(IS.E9.O.OR.JS.EQ.0) GO TO 30

ii:=(,C+1) /2

I=( (L1-L3)*(LI-L3)4(L2-L4)ItL2-L-4) )**.5
IPILOiCK( IT, IC, IO-1,N0L0CNODES)
J1=LC'CK(JT, jC JO-I,NOL)C, NODES)
IF(I1.EQ.O.OR.J1.EQ.0) GO TO 30
KODE~1lW~+KljH+10000*CK2-1)
IF(IT.Eg.JT) GD TO 18
DO 10 L=INL
If:(I.NE.IJ(1,l)) 011 TO 10
IF(jI.NE.IJ(2,L)) GO TO 10
IF(KOD)E.NE.iJ(JZ,L)) 00 TO 10
00 TO 30

IC0 CONTINUE
18 NL=NL41

IJ(2,NL)=J1
lJ(',NL)=0DE
CXHkNLJ=B
NL=NL+l
IJ(1,NL)=IJ(2,NL-1 I

CIJ(NL)=D
GO TO 30

'5 WRITE(6,602)9 J,JR
602 FORMAT(lX,215)
30 CONTINUE
40 CONTINUE

502 FORMAT(12,13,I2,215,3X,12,11,2,15,IX,11,5)
RIETURN
END

SU2ROUTINE S-A'ER~( KFL-A6, NFEADY, rKI NIV KOLI 1~ KUT2', NN, iL 4REG))
C SAVE 'DR RETRIEVE ORDERED ARRAYS TO BYPPASS ORDERING

INCLUDE SOURCE. INSERT
DIMENSION NREt,(I)
DATA ES/'YES-/
NREADY=O
IF(VfLAG.E12.0) RETURN
lF:2FLAG.EQ.2) GO TO) 100

5 4R;TEKCUTI,601)
READ(KINI, *,ERR=5) IFILE
iF(IFILE.LT.11.0R.IFILE.GT.30) GD TO 10
REIJIND IFILE

FEAD(IFiLE,ERR=2O00 (LFRWK,K~1, N),LFR(NN+l)
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READ(IFILE,ERR0()) (IFR(J)hJ~ld&)
READ(IFILE,ERR= OC) (JTO(J),J='i,%L)

61FRAtFILE, 'NER26 SIT Ai'

REWIDIFILEER.
NREADY=1, RR ?0
REIFUT2ER ) O3
CAL EADERKL2 I=.0)I oRITEKofUT2, 651)
DO 20] K1=1,60
:7F. 'REG( t ;. E4', 0O TO 20
WRifE;.lEKUT26) 4D 1 ~(]K) , 4)

201 CNT'IE MRSTT NM'
WRIT'Eii.OUT2,b0O) NNNL

OWIT(KOUT.Q60) G O3
CAREADKINI,501) AV

10WRITE(KOUT2,602)

IF(NFIElK.T.0C.FLEG.0 GO TO 120

WRITE(KIFILE) F(J,J=NL)SI ,I1

WRITE(KOUTILE) IIRNh,NL)

6'0WRITE(KUFIE ) N ESIK,1 4,I ,3

600 FORM AT(/1X,'NUIEERTHE POUTION NOES 'F1I5/XNUB OYE NETWOR?

READYKINI51

RETURN
200 WRITE(KOUT1,603)

60F(lE,'LE E1.RROR ET.30 REA CANCELED'
REWURNDFL

SURUT(NE LEW((IFT1J)IFIE,NPL) ,NVHR~L

CALL EADFIE ((OUT I ),KlN)I13
I LLHADR'ILE 23

60WFRMT(OUT,'NME 6 FNTOR1) '1/X'NjBROFNT
DO 210K ,15)P

110WRITE(IFILE,609) T

SURUTINE, 610)(TIIIENRR~NYicL



100 4f=IjR(1,JRT)+1 
7

c WRITE(6,666) JRT,(I.R(1,K,RT),KL,F),(IjR(2 ,K,JRT),K=1,Wf)
666 FORMAT(1X,1015)

C GO TO 100
8 L=IR(NF,3.T)

I=iFR(L)
Nr-E=1(000~*NO2ES (1, I -10i(2*Nr@ES(2, I)-1+OEQ
W#N 1
NC'1 NLN

'CDE-MFR(L)+10000
C 'ARITE(IFILE,600) NODE,MlODESTOTDTOTSPD, (AMMES)K,NON),K=1,5)

MR=0
T= 0 )
Jil

5 =*
N~j=NF-J+2
IF(J.Eg.2) GO TO 25

10 L=4,R(NJ+1,JRT)
IF)NJ.EO.2) GO TO 12
LO=IJRM 1,JRT)
I=IFR(LO)
00 TO 20

12 I=IjPR(2,KPR)
240 D13ThDSTLNK(L)

SPD<PDLNK CL)
CiAP=BFR(L)

15 T=T+i'ST/ABS(SFPO)
24 STOT=T

0TGT=DTOT+DST
SPD=ABS (SPD)
VCL=DFR(L) /PV
TYM:IJCLI (2. O+CAP)
lf) TYM. GT.TiN) TIM=TYM
TOT=STOT+TIM

25 CONTINUE
XL NJ, JRT)=STOT

KH=MFR(L) /10000+1
mHDE=MFR L )+I0000
::':H.EQ.n) WRITE)IFILE,604) M)DE,0E,STOT,T?1,TO)T,2TOT,'pD,CP,

IVOL, (FtNAMESKdtiN),K=1,7),NH
IF(KH.EO.2) WRITE) IFILE,603) .4D,3ESOITTDOcDCP

IF(KH.EO0.3) WRITE(IFILE,6') NODE. I$DDE,STOT,TIM,TOTDTOT,SPD,CAPI
1 ',L, (INMES(K,NuIN),):=1,7),.NH

30 IF(J.LT..F) 90 TO 5
Xl.(2,JRT)=STOT

C 60 WRITE(IFILE,6O5) N0DEMODE,STOT,TIM,TOT,DTOT,ScFD,(ANAME3)K:.N0N),K=1I5)
WR ITE( IFILE, $0V61

606 FCRM~ifVX;
T3=TIMER(JIRT,PV,HRS,T1,T2)

NA ES kK, NOW) 1 ' OT, T I, T 2,TL
620 FCRM.AT 1X,I5,2.2X.Fi0 O3XA4,4X,/A4,'X,F8,1,3'.XFO.2))
200 'X-NllJ
210 CLNTi1NUE

RET URN
604 FCRflAT(1X,i6,2.X,i5,3FS.2', YS. 1,'2F:3.0,.3X ,7A4,' 'NT*E-':TATE

602 FORMAT(lXI6,2xI5c,,F8.2,2F.1.lF8.,3 X,74,' STATE KlAD

609 FORNAT((1X, RCUTE 14)
610 FDRMAT(IX, NODE 0C1E 'AVEL DELAY 2TAL 3:':T. SPEED,

I CAP. US '- E NAM'E X, , -'NTY,, iUE Atr
601 FCRMAT('1X, ROUTE -,'iARCTER,: 'TiCS 4ND Li '-5146W2i7X. FRKM.ZX TO

1 U4X, 'AVERAGE )US'lX, qROLTE : AR Ev,,I:UEEs .CITY 1y
21INYo,'CITY ,1-X, C0UOlNTY,,6XI T:TANCE I-RAVEL DELA~Y

3 TTL')
END



SUBROUTINE SlRRA I DAT, I NDXL) 75
TNTEGER INDXL
61MENSIIN' IELiT(), INOXIW

~, UESCNLl

: -i REE ) J TD 32")

GO 0o .50
C INT' ALCULATIlit6
K32-0 T 4=K 2T4

C NEXT TWIG
350 TF(I..EOK2) 13O TO 940)

KI=Kl+i

T3=T
C ADD I TO REFLECTE.D BINARY CIJUNTER AND CARRY

400 ir~
1F(IFIX'Tl).LT.T1) GO TO 470

T =T -9
Bi81/-
GO TO 400

C TWIG CALCULATIONS
470 TI=-L7+B1

iIS.E9.2.) GO TO 550
C 3-TWiGS *X 4-TWIOS

TF(T.lUT.T4) GO TO'1
C 4-TW IG

i11=-1*M1
00 TO) 630

550 IF(T3.LT.T4) GO TO 610
C ... .3-TWIG

560 M1=Ml41

10=11+1

LUJ=I

J=.J+1

L(1I)=l

JOzJ-1

LL(J)

Ll=L(LO)

75IF(IDAT(LI,).' T.IDAT(L2')) G3 TO 770
L(LO)=L2

770 Li):Lt
LIZ=L(LO)

IF(L1.NE.LO) GO TO 750



00 T0 80 7
870 LILO)=LI
E20 M1=Hl-1

lF; ,.O.O iG TO 700
iFtm.LEP.3. 30 T01 350

C EERAE ''~HALF OF A 4-TWIO
00 7 S3

C~ tN'RILE NET'wORK CZJNSAND SO.RTZUK
BLUE SURCE WERT

2:ENSION NET(&O'-),NRE(:)
DAiA OK, YES, YS/'K 'YES', '

63FMAT(/' INFUT TH4E NU-MBER :F ET97EES IN THE RE3ION ([P Ti 1))
;EAL ';'N 1,*, EFR=73i sS
IFSL 1RN ''~O '50i T'i 7.)
'WRITE(?'OT1 02' V:

tOO: FC,;MAT(1x, INPUT '.I:, -TATE &aS'
READ (K INL, +,ERR=70) .vc.=N;
DO SO K=1,NS

IF(X~ T J.~EV. .:3. S0 TO 70
'0 ::-NTJJ E

:1.) DO t20 1='A60
120 NREC'lT):,

'Z.11TE(KwJ16l1l)
00 130 P 1,No

150 N'EIKK
AA ITL(IqJUTI,6'fl'
READ(VIIN1,cj4) AYN
IF(AYN.NE.0K) G0 TO 70

170 CALL STACK (NET, NREOG MAP, KINI,K WJi ,K0U72 1 'N7 NOLOC, XLLCC LLOC,
1N0DES, ANAHES)

:F(NN.LE.1)) RETUR!N
1ALL ROADS PNET, NR2GI MlAP, KC6Ti, N%, X L, CIJ, 1J, NOLOC, NcLE's)
iF(NL.uE.0) RETURN
WRITE(KOUTI,4.04) NN
'eR ITE(K'30UTI,4605) NL

t04 FOjRMAT(/< NUMBER JF NETWOCRK NOSE ,I5)
66~5 FORMAT( aMB.Efl CF NETWORK LINK'S .,15)

IFh~:T.UQ.0 ) W3 TO 200
CALL rEADER)1 uUT2,4.0)

ISORITE'6 ;T2,I6ks) 1, (SNAMES(J,l15,2:1l,4)
ZFE 7 LO5) NN

DX 3 .U0.LQQ

210 DSTLNK(L)=CIWiL)
(1"4J CRL-(IER(NN,NL,LFR, 1FR,JT0iMFR,DS'-TLNK, IA1 I')
W& RTE(KOUJTl,S0.48)
EHO(KINI.504) AYN

AYN.O."ES.R.AY.EOYS)CALL CVJN'TY

%f4 FiNNMT (AS)
FORMAT( (I, LIST hE PO7.PULATIO::N (ETOISYE. NC;)-

60 ) FtiMAT(/IA, 'NMBER STATE NAME'!
6b rl'R MAT 1%, 14, 4'A.4A4)

667 Fl',FViT i1IX, 'T'iP'S"ON TO ASS-EMBLE NETWORK

END
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SLUBROUTINE SETUP (KOJT 1, KOUI-2,K1NN,'tJNLNREG, NPR, INFS)
LJOG;CAL B
REAL*8 1,P,R,XO
DIMENSION510,V50,(0):~ 0J(0)J(C)J(O),

1 (V00),R(50o),8(5000)
:NCUDE SOURCE. INSERT

DimENICiN NRE3U)

T(,)=.FALSE.

IF(K1.EQ.4) =45.0
IF(KI.Eg.5) T=40.0
IFe.KI.CT.5) T=30.0)
SPDLNK(L)4T
i:FR(L)zDSTLNK( L)/T
'F(CFR(L).LE.0.O) C)5R(L)=O.O1

5 C-OVINUE
KGE=O
KGR=0
K1=O

200 WRITEIKOUT1,611)
611. FORMAT(/.1, INPUT EVACI1ATION PLAN (YES OR NO)?f)

READ:IN1,511,ERR=XO0 AYN
511 FORMAT(AS)

IF(AYN.NE.YES.AND.AYN.NE. YS) GO TO 220
WRITE(KOUTI ,612)

612 FORMAT(IXFOR EACH PAIR INPUT: EVACUATION COUNTY N).I RECIEPTION C
113LNTY NO., NUMBER OF FIEOPLE')

NEO-
205 NPR:NPR-1

Fi'NPR.LT.O) NPR=O
210 CONTINUE

READ(KINl.'.ERR=210) 11,Jl,~N
IF(C1.Et.999) GO TO 125
!F(I1.LE.0) GO TO 235
N1PR=NPR+1
S(NPR):0.O
IT=I1/1000
IC=( 11-1000*IT44)12
IJPR(1,NPR):LC.K(IT, IC,0i,N)LOC,NODES)
I1=IJPR(1.NPR)
IT=J1/1000

IjPR(2, NPR)=LOCK( IT,]C,0,NOLC,NODES)
J1=IJPRt2,NPR)
0ENPR(NPR)=NUM
lF(I1.E0.O.OR.J1.EO.0) GO TO 215
WRITE(KOUT1,605) NPR,DENPR(NPR),(ANAMES(K,11),K=1,7),(AN4AMES(K,j1)
1,K=:1,7)
DO 212 IE=1,NE
IF(JE(IE).EO.11) GO TO 214

212 CONiTIWLE
NE=NE+1
JE (NE I =11I
CALL PRICE(t1,NN,Y(1,NE),LFR,IFR,IIFR,CFR.CMIT,NOIES,IA,))
!E-NE

214 S(NPR)=YtJ1.IE)
O "120

215 WRITEVrOUT1,651)
651 FORMAT(11,'CVUNTY NOT IN !JETWORX')

GO TO 205
220 WRITEKOUT1.613)
613 FORMATh1X.'SPECIFY' EVJACUATION COUNTIES (YES OR NOY?')

READ(KINI,511,ERR=220) AYN
IF(AYN.NE.YES.AND.AYNl.NE.Y!:) GO TO 240
WRITE(KOUT1,614)

614 FfRMATd1XWFOR EACH EVACIJAION COUNTY INWuT: COUNTY NO)., NMBER'
1, OF PEOPLE')
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NE-i

2Z5 NE=NE- j
:FPNE.Lr.0) NEd

230 CONTI%1E

7(;uE 0' GO TO

~E JEI1

±F(U.EQ.0) GO TJ 1235
WRITE 1KPDUI, 605) NE,'tv N,(ANA~lK,J),K=1,7)
CALL PRI' E(J,NN,Y11,N4E),LFR,IFR,M.FR,C:R,UiMIT.N0DE3,tA,"S)
1:o TO 2"A

-'35 WRITE(IOUT1,651)
00 TO 225

240 WRITEiKOUTI,Ll )
615 FORMAT! X, FPU'T VUILNERABILITY 13ROLUP CODE (I TO 4)')

READIKINI *,ERR-24O) KV
IF(KVLLT I OR.KV.GT.41 GO TO 240)

245 WRITE(KOUIT,641)
641 FlIfMT 1 1X- T'4PL 'INliUM P;ERCENT fO BE EVAUATED')

READ 6E1,*,'ERR=24..) KPV
IF(KPV.LT.0.OR.KPV.GT.1OO) GO TO 245
FEV:FLOAT (KPV) /100.0

250 WRITE(KOUTI,616
616 FORMAT)1X,'EVACUATE OliNTERFORCE TARGEr) (YES3 OR NO)?)

F:EAD( KINI 51 1, ERR=-250) AYN
IF(AYN.E14.Y'ES.@R.A'(N.E 4. YS) KF=l
NE:I)
DO 270 J=I,NN
lF(XLLOC( 2,J)-.LE.0O) 60 TO '270
JW=LLOC(-j/0
JF=LLO)1 I)-1(*JlA
lFt-jW.EQ.1.ANO.KJ.EO1.1) GO0 TO~ 260
1FwJW.GT.l.ANL).JW.LE.K*V) (4) TO 2603
IF(,JF.6T.0.AND.KF.EQ.1) GO TO 260
GO TO 270

260 NE=NE421
jE(NE)=J
SV(NE)=XLLOC(1,.J)*PEV
T F(JF.GT.O.AND.KF.E2. ) V(NE)=-SV(NEl
CALL PR1C:E(j,NN,Y(1,!4E),LFR,IFR, FR,CFR,O3MITi .jU.),,E,O)

2170 03:NTINUE
EMAX=1.0EV)

390 'ARITE(KOU11,62%)
626 FORMAT(IX, 'INPUT POST EVACUATION 11AXIM111 DENSITY IN E)ACUATED COUN

1TIES IN PEOPLEISQ. M~ILE )
READ(KINl,*,ERR=3901 MAXE
EIAX=MAXE

210 WRITE(KOUTI,6Ifl
S17 FORMAT(1X,'SPECIFY (Y~ru4 ~'i E- OR ~O'

!F(AYN. NE. YES. ANDAN.V 00 G TO :310
. RITEKGUTI.618)

1' :RtiAT(1. 1:OR EACH IRE& 'N1 .:)!JNTY iPT COUNTY NONUM.BER'
I OF PEOPLE'
KGR:1

290 NR=NR-1

300 CON TINUE
READ.:KlN1,*,ERR3f;:) J1i14UM
IF,:Ji.E9.999) GO To :350
IF(J1.LE.0) GO TO 69
NR=NR+ I
JT=J1/10u'o

j= KCV JT NOL;:';, 14)t5
DV) NR)-NMti
JR(NR)=J
l1F(J.EQ.0) 50 TO 3iffi
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.V NR) =1
~TO "00

'0 WRITEMKUT1 p6511
.,i ) 'TE
AR KJ ~T 1% 9FT~1 U1 XrU1

1 KC- Ni T I S i*i03

u R'w.Vt I J ~INIIUM, !OCI,1 Ti',lEl TIM'E IN HOUR3 4 1

TMIN FL0AT nImr)/tqu.(0
TI1AX=FL0AT(MAXT) IiOO.O

30 WRI1E(KOUT1,A'l'
61.1 FORMAT IX, 'INPUT M1PGi;'l 1: IT KitPIJL~f ION IIJLTIPLE X 1001)

FEA~D(KiNl, *,ERR=3:30) MP
IF(MP.EQ.0) MN~000040
Ptt--LOAT(MP)/100.0
N.R=o
DO 340 J=4,NN
IF(KLLOCI2,J).EQ.0 141 1 140
DEN=XLLOC(i ,J)/XUJAQ2J)
IF(OuEN. LE. DMIU. OR. DEN. GE, OMAK) 111 P3 34o

3304 DO 33b I=INE
IF(J.EQ.-JE(I)) GO0T0340

336 CONTINUE
NR=NR+l
DV(INR I I. OElO

340 CONTIlf jE
350 CONTINUE

IF(NE.EQ.0.OR.NR.EQ.M 93) tO 410)
395 RMAX=I.OEIO

IM(OR.E9.1) GO TO 40.5
400 WR1TE(KOUTI-t1'71
~27 FOMT X 'INPUT O'l S.VAI2llr! Ai 1(IUM DENSITY EN mTo I '.OUN

ITIES IN PE0F'LEt~g. "IILE"l
REA5(KIN1. *,EjRH=4Wl MAXF
RMAX=MAXR

405 DO 23 Iz1,NE
J--jE(l)
IF(SV(I).GE.O0O) GO TO 2

Cr0 TO 23
22 STESTzXLLOf (1.J - A-k j 1. JI

IF(STEST.GT.SV(I)) 3V(l):STE3T
23 CONTINUE

iF(KGR.Eg.1) 0O TO 29
DO 27 I=1,NR

'6 DENWLLC ( ,J).'(LA J
IFMAX.LE.EN) DVU -)j
PrX::MAX -DEN)N L (I'C J)
JV(I)=2
IF(PMAX.LW.) 1r' TO 17
TF(PM*DEN.GE.R~k , '3 c

2IF(PP1AX.LT.BV(IE Ml=.
25IF(PMAX.IT.DV(Il .N

N-NR
4.10 ';S=O.

IF1NE.E9.0) G0 TO 4-20
DO 30 N=,NE530 SS=SS+SV(Ii

420 IF(NR.EO.0) Gfi) TO 4.30
00 40 J=1AR

40 DS:DS+DYVJ)
SV (1)=l) :0
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430 WRITE6KOIIV,:, k §'~'E~CI;} JUA
,'25 FCRMAT(/l:W.NUMbE,' , :VACIAWz I '-jjT E1 EVC I-0UT

lI KN 'Fl2.Ofl,,NLIMER OF RE!'::PrIN C'JJNTi'.I * ECfN A
LREA CAPAITY,F12.0I

IF(KGE.E:0.1) GO TO 42
PEV=100. O*PElJ
WRITE(KOIT!,) i, 'V <V.mE
IF(KF.EQ.i WV i

42 lFtKGR.El..1) GO TO 04
WRITE(KOUr.,6541 MJM.,1J 1

44 IF(KGE.EQ.0) WRlTEu'3'I*~l655) EnAx
IF(KGR.EQ.0) WRITE(KOUTI,656) RMAX
IF(1O)IJT2.EO.6) GO TO 46
CALL HEADERWIOUT2,1.O)
WRITE(KOUT2,625) NE,SSNRi,DS
IF-KGE.1) GO TO 52
bJRITE(KO)JT2,652) KV,PEV
IF(KF.Eg.l) WRITEIKOUT2,653)

52 IFtKGR.EQ.1) G0 TO 54
WRITE(KOU T2, 654) OlIN, t'MAX1 ThIN,TMAX, PM

54 IF(KGE.EQ.O) WRITE(KOUT2,655) EMAX
IF(KGR.EQ.0) WRIT:(KOUT2,656) RMAX

46 WRITE(KOJT1,W5)
READ(KINI,.512,ERR$-6) AYN
IF(AYN.NE.I() RETURN

512 FORMAT(A2)
652 FORMAT(1X,'VULNERABILITY GROUP CODE: e,I11

liX, MINIMUM EVACUATED POPULATION: 1,F6.0),' PERCENT")
853 FORMAT( lxCOUNTERFCRCE TARGETS ARE EVACUATED')
654 FORMAT' MINIMUM RECEPTION AREA DENSITY: ',F6.0,' PEOPLE/SQ :lE'!

lIX,'MAXIMUM RECEPTION AREA DENc:TY: ',F-S.0,' PECFE/Ei MILE'/
2lx,-'MINIMUM TRAVEL TIME 'TO RECEPTION AREAS:'. F... HOURs !
31XMAXIMUM TRAVEL Tli*E TO RECEPTION AREAS". ',F6.2,1 HCJJRS/
41X,'MAXIMUM RESIDE'T POPULATION MULTIPLE: 1,F6.2)

655 FORMA(lXWPOST EVACUATION MAXIMUM DENSITY IN EVACUATED AREAS: '

1F6. 0)
656 FORMAT(1X,'POST EVACUATION MAXIMUIM DENSITY IN RECEPTION AREAS: '

IF6. ()
657 F0RMAT/IXTYPE "OK" TO COMPUTE EVACUATIONl PLAN')

K1=0
K2=0

K6=0
IF(NE.Eg.O.CR.AI.EQ.O.OR.SS.GT.OS) GO TO 140
IF (KOUT2. NE. 6) C:ALL HEADER (tKrUT, 1. 1)
WRIITE(R0UT2, 63 1)
00 450 IE=1,NE
I=JE(IE)
REC=0-O
DO 440 J=l,NR
JY-JR(J)
II:(YJW, IE).i-E.ThIN. AND. YWY, IE). LE.TAX) RECzREC+DV(J)
DEN=XLLOC(,1)/XLL0C(2, I)

440 CONTINUE
WITE(OUT2,62S) (ANAMES YK,I),K='5,7),XLLi)C(l,l),XLLOC(2&)I),IEN,E-V(

IIE) ,REC
LISO CONTINUE
631 FORMATu/IX, 'EVPJ:'WAT ION COUNTY'4 4'RESIBENTS'6-X, 'AREA,

I -X, DENSTY',3'X, AT RISK PO3P.' 2X 'REC. CAACITY'
62)3 FORMAT' - X,3)A4,S- X,2.F10).t,FIO.2,2F1,5.0)
629 F 0RMAT(,'1X,;FECEPTI0N COUJNTY',5X,'RKSIDENTS ,6X,'AREA',

3X,-DENS:'TY',6,X, iORITERIONi,2X,'REC. CAPACITY')
(WRITE(KOUT2,629)
00 460) J=IlNR

Ce4XLL0CQ ,JY) /XLL13C(,jY)
IF(-.V(J).EQ.l) WRITEAKUT2622) (ANAMES)K ,JY),K=5,7:i,XLLOC(1,JY),X

1 LLOC I2 JY ) , DEND IW
IF(JV(-J).ElX2.) WRITE(I(CUT2,,633) (ANAMES(K,JY),K5,7),XLL0C(,JY),X
LCC(2, JY) ,D,N,V w)
IFr(lJ(-J).EQ.3) WRIIE)K'LUT2,6134) (ANAMESK,JY),fC=5,7). XLLOIC( l,.Y),X

632 F0PMAT(1,A4,X, F0.,F0.2,l0X, '1IVEN' F15.0)

634 FrRMA- l%,3A4,8X,2F10O.)FlO.2-,7X,'MIJLTIPLE ,F15.0)
460 CONTINUE
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DO 50 11N
A 0 J=1, NR

:F A' A) LT 11% :,A(-A T A lk;) -

70 ~A A Z0 0

IF I.NE.1) GO ?O 140
NO=M+N-1
NPR=0
DC. 120 J=I ,NO
IF(UE.1.0) GO TO 120

IF(IE.EQ.M) GO TQ 120
NP~R=NPR+l
IJPR(1 NPR)=JE( IE)
IR~jV(J)

lOEhPRTNPR)=Z (.J)
C WIUTE(6,667) J,iE,tR.iNPRIJPR(1,NPR),Ij'PR(2',NPR),2ENIPR(NPR)

S (NPR)=A C A)
667 FORMAT1X,616,F12. 1)
120 CONTINUE
125 IF %PR.LE.01 GO 70 140

WRITE(KOUT1,635) iqPR
6.35 FORMAT(/lX, 'EVACU4TION PROBLEM IS FEASIBLE'/'X,

2'NUMBER OF EVACUATICN/PECEPTION COUNTY FAIRS',14)
IF(KOUTI.NE.6) CALL HEAI£4R(KOLT2,1.2)
WR17 E (KC.UTZ 604)

6 C4 FORMAT) ( 1 'E.4:UAT 1CN /RPECEPTACN 1:11NTY ?A , IRS, X. F A:R P EFL E
13R''GIN', iO C' l CN TY', 10X, 'eTNT&~x Cj~YI,}CLF

2,7X, 'MILES1,5X, DENSITY')
DO 130 J=1dfi
IF(J.EQ.APFR) GO TO 127
JS=J41
20 126 K=JS,NFR
IF"S Jl.'3E. (IKi LO 7,0, 126

IJPR(,J)liR''K

S(J)=S(K)
D2NPR(J)=DENPR(K)

S(K)=-Sl

s6CNTIIE

A)=.jPR(2,.J)
DO '12S IE=1d',E
tF-,jE(IE).E2.11) W' TO 129

128S CONTINUE
129 CA~LL RO~l E(.ii,IlIFNO11,IJR,CR,Y(1,1E),A1LFR,IiR,M1FR,CFR,

11 IT(I )1,NODES I
DST=o. 0

co 135 J)=3 , N4F
L=IJR(,jO,1)

135 VDT=DST+DS7h!, CL)
DOEN=XLLGC.( , dl)
DO 150 K=1,NPR

IF~tR(2,).EDJ1) EN=DEN+DENPR(K)
150 CONTINUE
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130 CC',JT INUE

SUBROUTINE LOADL(L,NRTHR$,PVXL,T:hES, NX,NTOJT)
C LOAD LINK L

DIMESI'I'J XL(21I,ILTIMES(15),XN(l5i),NX(l)
INCLUDE SOURCE. INSERT

DO 10 KT=1,14
10 XN(KT)=O.G

[1) 50 JRTz1,NlRT
1F(DR(uRT).LE.10O.O) GO TO 50
NF=IJR(1,LIRT)+l
DO 50 .j=3NF
J1=NF-J+')
IF(IJR(Jl,JRT).NE.L) GO TO 'T:)
JOAj-I
TYM=NTIMER(JRT,PY,Wo',Ti ,T2)
TYM- 2.0*T !
DEN~DP(JRT) !(TYM*PV)
DO 45 KT=1,14
1'=TIME-D(KT)
XAD=0.0
IF(1L(UO,JRT.EQ~.XL(J1IJRT)) GO TO 40

25 XAD=DEN
]F T.,T.XL(j0RjPT).AN4DT.LT.XUIJ:,jRT)+TV.) GO TO 40

Q-:0. 0
lF(TLT~L)J1JRT.0R.T.~(J0,~RT+TY~) G TO 40

lF(T.UE.L(J1,jRT]+TYtf) GO TO 30

GO TO 40
30 XADI=((XL(JO,.JRT)+1M-T)(XL(J0JRT)-XL(,J'RT )*DEN
40 CONTINUE

vA(-)=YNKT I AD
W R:TE(6,6O0) JRTJJ1.T,XAD,XL(J0),JRTLXL(J,.RT)

45 CONTINUE
50 CONTINUE

NTC :T=o
DO 60 KT=1,14
X:O.0*XN(KT)
X=X/BFR(L)*.49i

60 NTOT=NTOT+NX (KT I

RETURN
END

SUBROUTIINE EVAC :KCUT1, KOUT2, W,NL, HS,IPV, NRT, L XD, X3)
C SIMULATE THE E'JACUAT::'N

INCLUDE Sl~lRI:E. INtET
DIMENSION
DATA TIMES
Di) 100 1=1,15
DO it) J= 11500

90 XD , J) =o).X'S I 11 ) =0.1



83

NE=0

DO 0Q0 KRT=1.NRT

K, TO 30O

1.00140 1=101,NR
IF(IS.EQ.ISS(J)) G0 TO 160

14, CONTINUE
151) IJFR=NR+i

iSS(NR)=IS

160 CO 190 I(T=1.14
T=TIMES(KT)
T3)=TIMER(l(RT,PV. HRS, Ti, T2

IF(T.GE.,2.0*r2) 00 TO 170
FD=T/ (2.0*T2.)

170 FA=1.0
IF(T.GE,T1+2-.O*T2) GO TO 130
FA4=0. 0
IF(T.I.E.Tl) G0 TO 180
FA=-(T-TA I /Q).0*T1)

1.80 XD (KT, I =D (KT, 1) qF0*DR 1 KRT)
XD30,7, 1)=X(KT, )+Q.0FD)L)RT) ,'
XS(KT, 2)=XS(I(T, 2)+(FD-FA)*D.R(KRT)
XS (KT,3) =XS KT,3) +FA*DR (KRT)

190 CONTINUE

WRITE(IKOUTI.611) XS(15,1)
IF(KOUT2.EQ.6) GO TO 210
CALL HEADER(KOUT1,130)
WRITE (KOUT2, 611., xS5i1)

210 ED) 2"0 K~1,:3
00 20KT= 1?14

220 NX(KT)=X

IF(K.EO.2) WRITIE('U1T1,6120) (NX(KTKT=1,14)

IF(K.EG.3) WRITE)IKOUTI,614) (NXWKT),KT=1.14)
lF4OVTT2.EQ.6) GO TO) 230
IF(K.EQAl) )JRITE(KOUT2'612) (NX(VT)47=1,14)
IF(K.EQ.2I) WRIMEQ~UT',612) (NX(KT) KT=1.14)
IF(K.EO.31 WRITE(KCOUT2-,,614) (NX(KT),KT=1,14)
L", CN T~ht

611I FORMAT(/1,'EVACUEES: ',F10.O,%1,EL-ISEl HOURS: ' 2 4-,
1' 6 8 12 16 20 74 .~40 43 72 34

61: F6RrAT IX, 'PERCENTAGE OF EVACUEES AT RhI2&',l0X,1415)
613 FOCRMATMX'PERCENTAGE OF EVACI E ES Eq :CTE', 9X, 1415',
614 'OFMAT('X,'PERCENTAGE ?F EVAC.UEES AT SETINATIGN',2X,14I51'

lF aKGUT2. NE. A' CALL HEA0ER (KOUT2,I3. 1)
W.RTE(KOCUT2.o15)
.O 25') 1=1,14E
010 240 UT=1,14
X=100.0*XD)KT, I)/XO( 151I)

20NX(KT)=X
R:ISSUI)

~ .:s.~.N.6)CALL HEALER(KOUT2,.$.2)
v I TE (0 Lrl ', 617)
DO 2S0 j=11.R
DO 270 )IT=114

270 NX(KT)=X
IS=ISS) J)
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615 FORMAT (/1 , <EWiCUAT ION rEPARTURE '.Ur'MhARV/
!!.X, EVi'CUHAVN C121NTY EVAWJEES, 15X, FERTCENT I AGE DEDARTED AT

LA HE UJR/301, 4 6'
i i6 20 4 :1 0 i IV 60 712 84")

RECETI. -71 EVACIUEE E ;E,;"THPE ARRIVED HAT

Y Tkl01T .E~o -LL HEAZ:ER(KOU72' 1-
' ITEM OUT2,600)

LS=LFR( I)
LF=LFR(I+1)-i
10 2)0 L=LS,LF
IF(DFRtL).EQ.1.0E5) GO TO 20
IF(DFR~L)(PV*BFR(L)).LT.HRS) GO TO 20
J=IFR( L)
NW-MFR('L)-10O0(tFR(L)/100)

CALL LOADL(L,NRT,If.;,PV,XL,TIMES,NXNTOT)
IF(NTOT.LT.1) YO TO 20
IF(KH.EQ.l) WRITE(KOUT2,6104) (ANAMES(KJ),K=1,4),(ANAMES(KI),K=,
14),NHDSTLNK(L),SPDLNK(L1,BFR(L), (NX(KT),I'T=1,14)
IF:KH.EO.2) WRITE(KOUT2,603) (ANAt1ES(KJ),K=174), (ANAMES(K,I).K=1,14) :NH, D TLNML, SDLNK(L), BFRM(LNX (KT) , T=1 IA
IF(KH.EQ.3) WRITE( KrjUT2,6CY2) (ANAMES(KJ)hK=1,4), ANAMES(K,I),K:1,
14),NH,DSTLNK(L),'SPDLNK(L),PFR(L), (NX(Kl),KT=1,14)

604 F0)RMAT(1X,4A4,:3X,4A4,'3X,'INTERE;TATE',I4,2F7.1,F8I.C,,1414)
603 F03RMAT(I.X,4A4,3X,4A4,.3X,'U.S . ROUTE' TI4,2F7.1,F3.0,I4)

602 FORMAT(lX,4A4,'3X,4A4,3X,'STATE RQAD',I4.27.1,F8.0, 1414)
20 iXiNTINUE
30 CONTINLUE

600 FORMAT(1X 1'I'ETWIORK LINK CHARACTERISTIDS AND LOADINGS')
601 FORMAT(1X,'FROMW,15X,'TO'1 17X,'ROUTE N~i1E',4X,' DIST. SPEED',

1V CAP.', 6X, 'IER~BT AGE OF CAPACITY IN USE AT ELAPSED HOUR',
2/75X,' 2 4 0 3 12 16 20 24 32 40 48 60 72 2A'')

RE7.URN
END

SUJBROUTINE LOADER ()iT,NL,KTCC)
C LOAD NETWORK LINKS

INCLUDE SOURCE. INSERT
DO 5 L=1,NL
DFR (L )=t. 0

5 CONTINUE
DO0 1130 JRT=1,NRT
IF(DR(,JRT).LE.1.0) GO TO 130
F=IJRUl, RT)+l

DO 1240 J= 6,NF
L=IJR(JIJRT)
L'=cTO(L)

110 DFR(L)=DFR(L)+DR(*jRT)
IF(KTCC.NE.3) ':iO TO 120O

115 DFRILO)=rFR(L'))+[RUjRT)
UO0 CONTINUE
130 LXA1TINUE

RETURN
END
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7 1=0

.0 L10CNT 1WE
IF(LO.EQ.0) RETURN
iFtN1T.EQ.1) WRITE(KOUT1,601)
!IF(NIT.E.1.AND.KOUT2.NE.6) WRITEI( :CLT2,:,'1)
73=O. ?0*TI
DO 51) IqI,NN
LS=LFR( 1)

00 50O L4.S,LF
IF(OMiIT(L,1)) GO TO 50
T2=DFR(Li/(FV*BFR(L))
IF(T2.LT.T3) GO TO FfO
iF(QFR(L).EQ.l.E5) G0 TO 30
J=IFR (L)
NH=MFRuL-O00*(MFR(u 11000)
KH=MFR(L) /10Q00+1

V)CLS:DFR(L)/PV
i~'O.DO.ND."H.'3.) RtTEWKOUT1,6021 NIT,WRT,BFR:LlWL',TC,

!F 0.G7..O.AND.KH.EI.2) WRITEfiUVT1,60.3) NTNTEFh)VL,
1(ANeAMES(K,J),K:I1,7),(AN4AMES,(K,I) Yi' 17),NH
IF(LO.QT.0.AtUI.KH.EQ.3) WRITEiWuUT1,6)4) NITNRT,9FRiL1 ,VCLl':,T0,

1(ANAMES(K,J),K=1,7),(ANAMES((,I) I' I 7) NH
F:(L0.E9.0.AND.KH.ElQ.li WPETElKImUTl,6ij5 8FR(L)iVCL,To,

I* LO.AES.ONDKH .Er.2 NRE(,,uL '.1,7. BR,' VLET
'2(ANAMES>(K,,J),K=1,7),(ANAME$3(K,I),K=l,7),NH
IF(LO.EB.0.AND.KH.EQ.3) WRITE(KOUTI,607) BFR(L),VCLS,TO,
IIANAESLK,J),K=1,7), (ANAMES(K,I),K=1,7),NH
IFIKOUT2.EQ.6) GO TO 30
IF(Lo.GT.0.AND.KK.EQ.'( WRITE(KQUT2,602) NIRF()YL,0

1F(L.3T~.AD.K.E~~) RITE(KOUT2,603) NIT, NRT,8FR(L)kVCLS.T0,

IF(L0.GT.0.ANO.KH.EQ.3) WRITE(KOUT2.604) NIT,NRT,BFR,(L),Vf:tS,T0,

IF(O.E.OJND.H.E.1)WRITE(KOUT2,605) BFRIL),JCLS,T0,

IF(L.E..AND.K.H.EQ. ) WR[TE(KOUT2,606) BFR(L),'YCLS,To,

IF(LO.EQ.O.AND.KH.EO.3) 1ARITE(KOUT2,607) BFR(L),VCLS,TO,

30 0M1T(LI)=. TRUE.
LO=O
I(TCC.EQ.2.AND.l.G,T.HRS) E8FRL;=2.0*9FRW

40 KrnJWOL)
GMITI K, 2)=TRUE.
IF0:TCC-EQ. .ANIl.T1.GT.HR') BFR(K)=1.OE-5j
IF(KTCC-EQ.2) DMIT(K,1)=.TRUE.

0.0 Cc.NT INUE
601 FOJRMAT(/1X,'PASS ROUTES CAPACITY VEHICLES DELAY FROM',

11I2X,'CCUNTY',IOX,'T',14X,'fX)JNTY',1OX,R JTE NAME')
S02 FFt2AT(X,I3,I7,1X,2F10.O',F7..,3 , 7A4, 4X17A4,41, 'INTERSTATE<,14)
0O3 POCRMAT(1X,I3,17,1X,2F1O.0,F7.2,3X,7A4,4X,7A4,4X,'LI.S. ROUTE',14)
;14 FORMAT(tX,13,17,1X,2F10.O,--7.2,3'X,7A4,4X,7A4,4X,'STATE ROAl',L,)
0O5 FORMAT( ['X, 2FIO.,F7.), 3X, 7A4, 4X, 7A4.4%. iNworATE-,L4)
W'-~ FrOAT(I2,X,-2FI0.O,F7.2,3X,7A4,4X,7A4,4X,'U.S. ROUTE',14)
607 FCFRMAT(12X, FIO.,0,F7.2-,3 X.7A4,4X,7A,4X,'STATE ROAD",14)

IF(T1.LT.HRS) Tl=HRS
RETURN
END
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FUNCTION IF--mMELRT,.kRT~lvR)

I F (NRT. E.!) R EURi4

kl R(., ,7K)+
10 12 i,.'0 R

REP:FN

RETURN
END

F14CTION TUMER(KRT,PVHRS,Tl,T2.)
C CCAUTE LONGEST TIME ON ROUTE

INCLUDE SOIRE INSERT
T1=CR(KRT)

30 T2=HRSI').D
N9=IJRd,1 RT)+l
DO 40 J=.3,NF
1.=IjR(J,iRTJ
T3=DFR(L)!(2.O*PV*BFR(L))
IF(T2.GE.T3) GO TO 40
T2.)T3

40 CONTINUE
TT1?.ETl*T2'

RETURN
END

KyJROUTINE HEADER( IFILE,XNUM)
C ATTACH HEADER

601 FORMA(//11H11 'TABLE 1,F3.1)

END

SUBROUTINE TRNPL(I,K,K,K,X,M,N,B,C,S,O,X,P,R,S,D,Y,i,J)
C MAIN CALLING SEOUEN(E

LoOGICAL B
REAL*8 ,,,ORA1D
C1,(1) NIB 1
L=M+N-1
T-'=1. E-5
7 -1.OE-6

RO=-1.OE19
TC=,. 0
DO 5 1=,
T0=T0*S0 10)
0O 5 0=~1,N
K0=M*(J10-1)+10
IF(RO.LT.CI'O)) RO=C(K0)

5 CONTINUE
R0=1.01*RO

T3=T3*RO
KF9-O



GO TUO,2),I187
10 CALL.NWMNLR,2TBCSDS,0XFR
-0 CALL RS~NLK,0~CSD$,0IJX

!.T-Eu1),0 TO50

K( 750,40), 11
0~ F j - II -t

IF E QTl0 C- TO 30O

20 CALL DELTAUT7,j7,L,LlI,J,X,fl

IF'Y9 '3T.0) GO TO 90

~iIFI G.,'E.I17) Cil TO 100
CALL

915 K26-4K+1
CID TO .30

100 K1=4
RETURN
END

CREHE 3Z,[D11,j AND X
LOGICAL B

RELSX,1O,S7
DIM4ENSION I)Cf,()D1,OlDOl,()J1,()
CALL RESD(M,N,S,DSoDO)

t'. 0 11=i,m

NI 7M*W~l-j)+Ti
!F(B(K7)) GO TO 10
1(0=)11

16B 7) =.TRLUE.

.5 L!=0
CO 70 .K:1,L

'F(.NOT.B(K7)) 130 TO 70
S7=S(17)
DO 30 HP1=,L

IFB":H) GO TO 40
- XU7-H)

0CON; lUE
tO60

Uil 0A iH=I,L
IFrJU'H'.NE.J7.CDR.1R.Eg.) 130 TO 50

IF'9(fKHfl KD TO 65

,0 :;.NT INUE

GO TO 70
45 L1=1
70 CGNT l.NU'E

iF LI . GO TO0 25

'30 X0=X0+C(K~7)4XlK)
PETURN
END
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,J ROUTINE .C~(iMLT,1
REE IAND )-HECK FOR INFEA'TBILITY
REALI8 X

... T.-T2)

END

SUBROUTIN~E SUAP(K7L1,I,J1X)
C SWAP LOCATIONS IN I,J AND X

REAL*8 %,X9
DIMENSION IQ),J(1),X(1)
19=1(L1)
I(Li)=I(K)
I 10=19
19=J( LI)
J (Li)=J(K I
J(K)=19
X9=X I )
I (Li) X(K)
X(K)=x9
RETURN
END

SUBROUTINE RE'SD(MN,S,DSO,OO)
C RESET S I, D FROM SO & DO

DIMENSION SO hI, SO1,ODO 10 Iz~l
10 S(I):SO'

DO 20 j rii
20 [(J):OO(j)

RETURN
END

SUBROUTINE ROW(K9,Ml,Li,T2',X,Y)
CROW SELECTION

REAL*8 XAl
DIMIENSION X(Il)Y(l)

DO 10 K=1,L1
IF(X(K).LT.-T2.OR.Y(K).LT.0.(O) GO TO I()
IF(X(K).GE.Al) GO TO 10
K9=Y
A1:X(K)

10 CONTINUE
DO '20 VKtILi
IF(X(K).LT. -T2.AND. ((K).Cl. -Al.N.Y (K).LT.O.0) GO TO 3 0

20 CONTINUE
RETURN

30 KQt<

RETUR~N
END
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.~~~ r'U

CU L(K7)
:F(K6.EQO0) C9 T '00
lF(Xrj C'GE.-T') ~

30 I(') T00 N (miT.i GO TI) 50
iF(PI0) ~ \~i~N.R(~I).0.0.)Y, TO 40)

IF(R(JO).EQ.0.0) R(jO))=P(I0)+C(O
GO0 TO 50

40 Ll~1
50 CONTINUE

IF(L1.GT.O) GO TO 2 5
RETURN
END

SUBROUTINE DELTA(I7,J7,LL1,I,J,X,Y)
C C0%2TE PER UNIT CHANGES IN BASIS VARIADUS

REAL*8 X

I "=L[

5 D0 10 K=L1,L2
IF(K7.ED.0.ANDl.I(K).EQ. 10) GOI TO 15
IF K7.EQ.'.AND.J(K.EQ.J0) C) To 15

10 )0:UNTINUE
rF(LO.EQ.0) GO TO 20

CALL SWAP(I,t,J,X)
t,0 TO 20

15 lF(K.GT.Ll) CALL ( L1IJX
7.E[CI.LJ(L.E-).j7) tGO TO 40

IF(K7.EO.1.AND.I(Ll).EQ.17) CO TO 40)
LIo LO+l

"0 0= 1-0
I!'LCEu 0) 50 O ID 3

0- j(LrI)
'GO TO
0 10=7

40 O T:O K=,

S60 K=ILl
\(K) ='-7

RETURN
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SUBROUTINE MIN( 17. J7 Dl ,03 K6. T34, N,B. C.P,R)
C MIN OU-J, SELECTS YARIABLE TO ENTER BASIS.3

LOICAL B
REAL*8 P,R,Dl1,D2

17=0

IP(.NOT.BiK)) 0") TO 10O

IF(K6.EQ.1) D2=0.0
D2=DO2+P( )-RC.J)
Ic.(DABS(D2).LT.-T3) D240.0
IF(D2.GE.D1) 00TO)10
Dl=D2
17=1
J7=d

10 CONTINUE
20 CONTINUE

RETURN
END

SuBROUTINE NEW(M,N,L,R0,T2,T3,B.C73,D,S0',DO.X,P,R)
C START PHASE I

LOGICAL 8
REAL*8 X.P,R.RO,D1
DIMENSIONB()S)D()S()D1)(1
DIM'ENSION K(1),P(11,RQi)
CALL RESOC 'M.N.SD.SO.DO)
DOI 5 i1=1m
00 5 JtO:1,N
1:-H*(J0-1)+E0
B(K)=.TRUE.

5 CONTINUE
DO 10 I0=1,m

10 P(IO)=-R0
0O 20 JOI-,N

20 R(JO)=RO
00 30 I02iH
DO 30 JO0-1.N
K=M'( JO-I) +10

30 CONTINUE
DO 40 JD0-1.N
00 40 I01.lM
K=M*(j0-1)+I0
iF(C!K+PI0.LT.R(JO) R(J0)=C(K)+PUI0)

40 CONTiNUE
03=1. 0E20

45 CALL MIN(17,J7,O1.D3.K6,T3,M,N.B.,P,R9)

IF(S(M7.LT.0CJ7)+T2) P(17)=R(.
IF(S(17).T.DIJ7)-T2) RCJ7)=-RO
B(K7)=. FALSE.
IF(S(17).GT.D(J7)) GO TO 50
D(J7)=D(.J7)-S(I17)
S(17)W0.O
GO TO 60

D(J7)=0.O
60 K=K41

IF(K.LE.L) 00 TO 45
RETURN
END
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SUBROUTINE PVTK,7jliOBCIJXY
C PIVOT

LOGICAL 8
REAL*8 KXOA1

:9 1 Q(9)

S(K7)=.FALSE.

J(K9)=J7
Y(K9)z-1.0
X(K9)=O.O
DO 10 K=1,Ll

XO=XO-Al*Y(K)*CIK71
X(K)=X(K)-44*Y(K)

lb COTINUE
RETURN
END



4.5 Data Files

MAP - Map File

Field Format Contents

1 16 State FIPS number
2 16 USND starting record number
3 16 USND ending record number
4 16 USLD starting record number
5 16 USLD ending record number
6 2X,4A4 State name

USND - Nodes File

Field Format Contents

1 12 State FIPS number
2 13 County FIPS number
3 4X,I1 Sequence number
4 llX,Il,4A4 Urban/Rural flag, County center name
5 8X,2F9.4 Latitude, Longitude in degrees
6 3A4 County name
7 2X,F8.0 1980 Population (or 0)
8 F8.0 County area (or 0)
9 4X,12 FEMA risk code

USNL - Links File

Field Format Contents

1 12 Origin state FIPS code
2 13 Origin county FIPS code
3 IX,I1 Origin sequence number
4 215 Origin northing, easting
5 IX,12 Destination state FIPS code
6 13 Destination county FIPS code
7 IX,II Destination sequence number
8 215 Destination northing, easting
9 iX,12 Route characteristics
10 15 Highway number

92
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MAP

1 1 72 200 iALBAMA
2 0 ) 0
.3 0 0 0
i 73 vC'O 201 27 ' ARI2ONA
5 101 176 251 412 ARKANSAS
6 177 21o 413 618 CALIFORNIA
7 0 0 0 0
8 287 359 619 770 C"ORADO
9 3 n0 39 771 870 CONNECTICUT
10 397 404 871 894 DELAWARE
11 405 405 895 907 DIST OF COLUMBIA
12 406 484 908 1116 FLORIDA
13 485 646 1117 1468 GEORGIA
14 0 0 0 0
15 0 0 0 0
16 647 695 1469 1555 IDAHO
17 696 808 1556 1899 ILLINOIS
18 809 907 1900 2177 INDIANA
19 908 1025 2178 2452 IOWA
20 1026 1142 2453 2698 KANSAS
21 1143 1265 2699 2988 KENTUCKY
22 1266 1331 2989 3128 LOUISIANA
23 1332 1*256 3129 3185 MAINE
24 1357 1390 3186 3273 MARYLAD
25 1391 1429 3274 3385 MASSACIJSETTS
2b 1430 1524 3386 3572 MICHIGAN
27 1525 1618 3573 3780 MINNESOTA
28 1619 1702 3781 3954 MISSISSIPPI
29 1703 1820 3955 4213 MISSOURI
30 1821 1882 4214 4319 MONTANA
31 1883 1978 432) 4525 NEBRASKA
32 1979 2006 4526 4581 NEVADA
33 2007 2039 4582 4673 NEW HAMPSHIRE
34 2040 2104 4674 4864 NEW JERSEY
3.5 2105 2144 4865 4950 NEW MEXICO
36 2145 2282 4951 5306 NEW YORK
37 2283 2383 5307 5545 WRTH CAROLINA
38 2384 2437 5546 5638 NORTH DAKOTA
39 2438 2556 5639 5982 OHIO
40 2557 2636 5983 6184 OKLAHM
41 2637 2687 6185 6282 0REGI'INI
42 2688 2784 6283 6550 PENNSYLVANIA
43 0 0 0 0
44 2785 2799 6551 6588 RHODE ISLAND
45 2800 2846 6589 6750 SOUTH CARUNA
46 2847 2)1! 5 6751 6881 SOUTH DEA(tOTA
47 2916 3012 6882 7131 TEiNESEE
48 3013 3297 7132 7751 TEXAS
49 3298 :3331 7752 7814 UTAH
50 3332 3352 7815 7873 VERMONT
51 3353 3497 7874 8200 VIRGINIA
52 0 0 0 0
53 3498 3549 8201 8292 WASHINGTCI'
54 3550 :3609 8293 '3429 WEST VIRGINIA
55 3610 3687 8430 8606 WI.ONSIN
56-688 3718 8607 8675 WYOMING
57 0 0 0 0
58 0 0 0 0
59 0 0 0 0
60 0 0 0 0



USND -Partial Dump94

-401 0 ,.4 56 0C.'ERLND .1 7"3.77...... " .NY..

, 0 6 187 CONicAFOLiS L:,.9477 "' v;.. "'7. 4-
, 0 2 LLE .R24009 " ,3 4:3 PRiNCE FREBRiCK u8550 76. 56C E,,,RT 3.
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